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The Disposal of Surplus Water and Elec- In the disposal of the surplus water, Los An- what the press has been pleased to call, “The 


° geles faces rather an intricate situation. An Public Forum.” Not only citizens ind = repre 
tric Power from the Los Angeles Act of Congress dated June 30, 1906, giving a sentatives of public bodies have been asked to 
Aqueduct. right of way over public lands provides in Sec- express their views, but this invitation was ex- 
By BURT A. HEINLY.* tion VI: tended to all nearby municipalities which may 
With the Los Angeles Aqueduct now T5% com- That the City of Los Angeles is prohibited from ever in any likelihood seek an additional w 
pleted in point of hardship and 51% in point of selling or letting to any private corporation or individual, Ply from the aqueduct. 


: a . except a municipality, the right for such corporation or These sessio1 f ¢ 
distance—the final completion of the work being individual to sell or sublet the water sold or given to it Cae Sears: OF 


‘ity officials who ars 

scheduled for the fall of 1912 or the early spring or him by the city. the disposition of two of the City’s 

of 1913—the municipality is preparing to take The aqueduct is designed to deliver at the San sources, may be likened to _ the 

the preliminary measures for tne disposal of Fernando reservoirs, 20 miles north and west of England town meeting at wh 

the large amount of hydro-electric power as well Los Angeles, a daily supply of 20,000 miner’s was permitted to express his opinion, 

as surplus water which will be available as inches. Of this amount it is estimated that only are certainly unique in the proceedings ! 

soon as the aqueduct is in operation. The ac- 2,00 miner’s inches will be required for some large and modern city. The meetings have been 

companying illustrations show the progress of Years, leaving 18,000 to be disposed of for irri- largely attended and have brought forth spirited 

work and may prove of interest, though not gation under whatever conditions the City may discussion of the City’s future course of action 

directly related to what follows. decide to impose Ultimately, as the City grows, No definite plans for the disposal of the large 
The City has been so intent upon the com- na term of years it is expected that this entire quantities of surplus water and electric power 

pletion of the enterprise that until recently there surplus of 18,000 ins. will be required for domestic have yet been evolved | the following tran 

has been no public discussion of sales of water consumption. The problem which confronts the script of remarks, or 


FIG. 1. A DIPPER DREDGE AT WORK IN THE AQUEDUCT CANAL, FIG. 2. SIDE-HILL WORK ALONG THE LOS ANGELES AQUEDUCT, IN 
OWENS VALLEY. THE GRAPE VINE DIVISION. 


(Showing conduit form used.) 


and power. Today the City realizes that these City is to place this water upon contiguous horti- William Mulholland, Chief Engineer of the aque 

problems are comparable in magnitude only to cultural territory which will gradually becom« duct, his assistant, Mr. J. B. Lippincott, and Mr 

the aqueduct project itself. urban as the City extends its population and FE, F. Scattergood, Chief Electrical Eng il 
As to the question of power, the problem is boundaries. give what will very bablv form the gr 

whether the City shall retail the power avail- There is no desire on the part of City officials work for plans for the proper 

able or whether the City shall act merely as a to sell the water outright and make it appur- sale of the two commodities 

wholesaler to the power companies now doing tenant to the land (as is very often the case in 


: tay % , : : ; pokes , ; a Suggestions for the Discussion of the Dis- 
business within the City. If it is decided to re- irrigation procedure in this country), but even 


tail power there is still another problem so, it is hardly possible that such could be ac- posal of the Water Supply from the 
whether the City shall be able to come to some complished as it would require the ratification Los Angeles Aqueduct. 
understanding with the pewer companies’ by of a two-thirds vote of the people, who today By WILLIAM MULBOLLAND,” M. An 

which it may take over their domestic and city are practically of one mind in their wish that the Primarily, the Los Angeles Aquedut 

lighting systems (leaving them the railways City shall retain the perpetual ownership of all built to supplement the water s 

which are annually demanding large increase in’ the water of the aqueduct. of Los Angeles. The investi 

power consumption) or whether the City will be To gain a knowledge of what the people de able supply in the Ow . 
required to install its own distribution system sire, the Mayor, the City Council, the Board of the conclusion that a cap: y of 20,000 miner 


. sas : . ‘ " . ; hac . , , P59 200. 00 , : er 
and enter into active competition for the busi- Publie Works and the Board of Water Commis- inches (400 cu. ft. per sec., 209,200,000 gals. per 
ness. sioners for the past two months have held from day) was warranted by reason of the fact, first 


- ; — » to three public meetings a week, forming *Chief Engineer of the Los ngele Aqueduct 
*440 South Hill St., Los Angeles, Cal one » three | ‘ Chief Engineer of e I A edu 
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uantity of water could be obtained, and 








second, t he City of Los Angeles and the 
surroundin; yuntry could easily use that much 
their future development. The larger’ tne 
iqueduct could be built, the more cheaply could 
any unit quantity of water be delivered by it. 
Hence the aqueduct was designed to carry th 
ll quantity that might, with certainty, be 
ivallable, 
The present water supply of the City of Los 
Angeles amounts to about 65,000,000 gals. per 
day, which might be reduced, by the occurrence 


a few dry years in succession, to a less quan- 
tity than would meet the demand The largest 
demand of the amounted to 354, 
250,000 gals. per day, which occurred on July 19, 
1910 


It may bi 


present year 


assumed that the demand for water 
will 


population. 


r municipal use increase in direct 


Assuming an 


pro- 
portion to the average 
capita 


per consumption the year round of 140 
gals. per day, and an increment in population 
of 15,000 per annum, the amount of water con- 
sumed each year by the city in excess of the 


previous year is 2,100,000 gals. per day, or about 
130 miner’s inches. 


The pipes of the water system of the City of 
Los Angeles serve an area of about 24,000 
acres. As the average daily consumption is 


about 40,000,000 gals., or 3,094 miner’s inches,* it 


will be seen that an inch of water serves 7.75 
acres of the City’s area. If we assume that this 
whole area is about two-thirds built up, we ar- 


rive at the 
an inch. 


figure of a little over five acres to 


As the population of a city becomes more dense 


the per capita consumption with proper restric- 
tions in the way of meters, etc., becomes much 
less and according to our experience may fall 


as low as 8U or 40 gals. per capita per day in the 
ongested areas. Also, it stated that as 
a city extends its area the sparsely settled 
tricts will in general bear the proportion 
to the congested districts as the city 
smaller. 

The 


strate 


may be 
dis- 
same 
when was 
purpose of these 
that in 
it should be 
should be 
final 


statements is to demon- 
water, 
territory 
and cap- 

Should 


disposing of the surplus 
mind that the 
adjacent to the 
absorption by 


kept in 
served 
able of 


city, 


annexation. 


this be done, no reason would ever’ arise for 
severing the water from the land to which it 
would be applied, as the process of assimilation 


would completely settle the question. 


Los Angeles to incur the indebtedness 
build the Los Angeles Aqueduct, 
without the expectancy of other return than that 
derived from the sense of security in her water 
supply and the development and Increased pro- 
ductiveness, with all incidental benefits, of ‘her 
surrounding country; 


great 
necessary to 


or, should she require the 





Fig. 3. Concrete Flume Across Cottonwood Wash 
in the Mojave Division of the Los Angeles 


Aqueduct. 
country so directly benefited to contribute in 
some part toward the cost of the project? 
Assuming that the City has enough water 


from its present sources to supply the needs of 
the area now supplied, and that 2,000 ins. addi- 
tional to that will amply care for the area not 
now supplied within the city limits (and this we 


believe to be a liberal provision, when it is con- 


owners that if they pay for the water as they re- 
ceive it, they will be doing all that should be 
asked of them. The answer to this is that thr 
people of Los Angeles will also be paying for the 
water they use, in addition to annual tax levies 
for the cost and interest on the bond issue for 
the aqueduct construction, from which outside 
land-owners are wholly exempt. When it is 
considered that all, or most of the land that may 


be served by the Owens River water, is now 
without an adequate water supply, and = con- 
sidering all of the other conditions above set 


forth, as to permanence of attachment of the 
water to this land, the principle of charging a 
substantial sum per acre, by way of bonus, sug 
gests itself as the only one. What this amount 
should be is a matter of business consideration, 
and may be gaged entirely by the difference in 
value between the land in its present 
and its value with an abundant and 
water supply, such as the aqueduct afford 

The problem of a supply for the neighboring 
towns will also have to be met, but a fixing of a 
charge for water for this purpose is not as 
difficult as might first appear. Take the case of 
the City of Los Angeles. The cost of delivering 
water to its inhabitants is about 4% cts. per 
1,000 gals. Of this sum, 1% cts. pays all the 
eost of putting the into the distributing 
reservoirs, including interest on the cost of 
reservoirs, conduits, dams, intakes and pumping 
charges together with interest on the book value 
of the water at $1,000 per in. 


condition 
reliable 
will 


water 


This amounts to 


almost exactly $75 per in. per annum, and 
if we allow, as above suggested, 1 in. to serve 


7% acres, the cost for irrigation purposes would 
be $10 per acre per annum, and in the opin- 
ion of the writer this would be the proper charge 
for water to towns, the distribution 
afterwards to be borne by themselves. 


charges 


The rate of $10 per acre per annum is one 
that is fully justified by the average cost of 


water for agricultural purposes in Southern Cali 
fornia, and is one that farmers can afford to 
pay, so that in effect under the rates in the 
subjoined table the rate is the same whether for 
town use or agricultural purposes. 


SUGGESTED RATES. 
Wer tOWRS... 666 ccs $375.00 per miner’s inch bonus 
POP WOWRS iiss cass 75.00 per miner’s inch per annum. 
For irrigation...... 50.00 per acre bonus. 
For irrigation...... 10.00 per acre per annum. 
On the basis of this schedule, the City would 
receive $6,750,000 as straight bonus on the 18,- 


000 ins. she would have to dispose of outside the 





FIGS. 4-5. 


The happy 
vation of the 
fornia, 


that a 
lands in 
those in the 


to 7% acres, 


coincidence culti- 
Cali- 
areas, re- 
makes the solu- 
one, as it will not 
whether the are used 
agricultural as the water 
will always in sufficient quantity 


complete 
Southern 
damp 


average 

than 
quires at least 1 in. 
this problem an easy 

matter ultimately 
tor urban or 
ipplied 


other 


tion of 
lands 
purposes, 
remain 
or either use. 

The 


is capable of 


financial aspect of the 
different 


asked: 


question, however, 
constructions. The 
Is it proper for the City 


many 


+ 


juestion may be 


{*Mr. Mulholland’s figures are printed as 
value of a miner’s inch is that used in Southern Cali- 
fornia, based on a 4-in. head and is equivalent to 1.2 
u. ft. per sec. or 9 gals. per min.—Ed.] 


quoted; his 


sidered that the free use of water for irrigation 
in the San Francisco valley will result in a great 
accession to the Los Angeles River, all of which 
will be available for diversion at will by the 
present works), 18,000 miner’s inches are left for 
disposal to outside territory, which on the basis 
of 1 in. to 7% acres would supply 135,000 acres. 
As this area would include roads and _ waste 
places, and also, as there are means afforded to 
store the winter surplus for summer use, the re- 
sult in practice, even allowing for all unavoidable 
waste, would exceed 1 in. to 5 acres. 

How then shall this disposed of so 
that the burden of the expense of procuring it 
shall be evenly borne by the beneficiaries? 

It will doubtless be contended by the land- 


water be 


CONCRETING THE SIDES AND BOTTOM OF THE CONDUIT IN OLANCHA DIVISION, NEAR OWENS LAKE. 


present territory and would receive an annual 
revenue of $1,350,000 gross. 

While these figures show that considering the 
water alone, the City would still be carrying 
more than its proportionate share of the bur- 
den, the value of the power to the City would 


much more than offset the difference, in addition 
to which the City would receive the very large 
indirect benefit due to the enhancement of pro 
duction of the surrounding country. 

If it is assumed that it will take $2,250,000 to 
build the reservoirs and trunk lines to lead to the 
various districts that might contribute bonus on 
the above schedule, then there would be invested 
in the Owens River aqueduct, and appurtenances, 
the sum of $26,750,000. Should the City receive 
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the bonus above indicated ($6,750,000), her in- This would be among the actual laborers in the to obtain another supply, and th City has 
debtedness then for the aqueduct would be an field, owners of the land, commission men, rail- settled the matter in an equitable way’ along 
even $20,000,000. If it is assumed that the dis- road companies and everybody who goes to make those lines and Hollywood has now been added 
tribution of the water, maintenance of the aque- up a Southern California community. It will to the City. 
duct, and all administration charges amounted be the greatest asset, in my judgment, that will The distribution of the water Is very large 
to $350,000 per annum, which by the way is a come from the building of the aqueduct, outside question—and it is largely an engineering ques 
somewhat extravagant figure, then the net of the actual and strictly domestic use that our tion in this particular; it will be necessary from 
revenue to the City would be $1,000,000, which water will be put to, and consequently it is my an engineering standpoint to lay off districts, 
is 5% on the $20,000,000 debt. belief that the policy of the City should be Which are controlled by topographic conditions 
Of course it will be remembered that these rather to encourage and foster the development districts that have natural topographic bound 
figures are presented merely for the purpose of of horticulture and agriculture in connection aries. For instance the district lying between 
opening a broad discussion on this subject, and With the use of this water. We realize that the Los Angeles and Redondo is one (see Fig 
may be modified in either amounts or principles power will be valuable, but I believe the value 6) Along the base of the Cahuenga range is 
of application. We believe, however, that they of the water in an agriculture sense will be another natural topographic district. The San 
would be accepted as reasonable by the people sreater. Fernando Valley is another natural division, ete 
and all prospective water consumers. Mr. Mulholland in his “Suggestions” has al These districts, it is my belief, should be fixed by 
The $1,000,000 net would not represent all the ready spoken of the gradual transition of an natural topographic boundaries When they are 
earnings, as the amount of 2,000 miner’s inches agricultural region into a suburban and then into laid off, enough water should be supplied for the 


the urban area I have no 


per 
distribution 


assigned to 
$75 per in. 
charges for 


City would at 
annum, 


earn its an doubt whatever but 
yielding $150,000 net as that if the water is used judiciously and properly 
would be 


least entire district. In forming these districts and 


in entering into relations with them, care should 


wholly ab- put upon the lands surrounding the City of Los be exercised that the combined areas of all the 

sorbed in the general administration cnarges of Angeles for agriculture, there will never be any districts to which water is supplied should not 

the Water Department. occasion whatever, to take the water off those be in excess of the total water supply we have 
It might be further suggested that any water lands. Personally, I would ‘have no more fear of available. 


disposed of above an elevation of 1,450 ft. might 
properly be charged with the loss of power that 
would occur by the abstraction of the water 
from the drop of 300 ft. into the Fernando 


supply 
conditions, 


having a water that was given to me Outlining and expanding the 
under - these taken off of my land, (1) In determining the supplied 
than | would have of having it taken away from with water, topographic districts should be 
my home in the city. I have no water rights, nor lined which served to 


last statement: 
areas to be 
out- 
idvantage, 


San can be 


teservoir and where it is designed a power plant physically and economic- 
shall be installed. This loss would amount to ; ; ally, by mains and dis 
slightly over % HP. per miner’s inch hence, if it Byrn tribution systems. 


NN FE RNANDO® i o 7 


is assumed that the power has a potential earn- RESERVOIRS ype ; Yh a ee es (2.) In building a main 
ing value of $25 per HP. per annum net, the ; yy oe ge and distribution system 
additional charge to equalize this would be Lae ts a to a given district, the 
$12.50 per miner’s inch per annum in addition to eSuniand , F conduits should be large 


Oo, 


the base price of S75 per in. above suggested. Proposed L 


the 
furnish am- 
ple water to all 


enough and 
adequate to 


supply 
Suggestions on the Sale of Water for Agri- 


- lands or 
cultural and Horticultural 


Uses. 


inhabitants therein. M 
By J. B. LIPPINCOTT,* M. Am. Soc. C. E PASADE re ” en ca oe 
As a matter of course it is desirable from every : amie cane ade one 
point of view promptly to put the aqueduct into wae Sn — ae 
full beneficial service, both as a source of water Qy water and weap tea y 
- 7 \ refuse j is next- r 
and power supply. There are four “drops” in \ FORMS 58 TO hi arses 
' 7 . ‘ : ? ; ES neighbor, especially in 

the line where power plants may be built. Mani- SEN li : ' ith 
festly, they should be built one at a time and SY districts that are either 


presently or prospective- 
ly destined to be 


developed as the market for power grows. To 
build one plant for the development of, say one- 


fourth of the power, means that a full head of 


urban or 


suburban in character 


water should pass that one site. This being the 
case it is essential that a prompt and beneficial 
use should be found for the largest possible 
amount of water upon its arrival at our doors. 
The peculiar delta-like character of the drain- 
age lines in our Southern California 
such that this large volume of water could not 
be discharged into the drainage lines, for it 
would wander from these courses through culti- 
vated fields and thickly populated districts, doing 
serious damage. 
The prompt use 
present is surplus, 


valleys is 


of the water, which for the 
for irrigated agriculture and 
horticulture, is the solution, storing the winter 
flow in suitable reservoir sites which may be 
found near the city. 

We have talked about the domestic use of wa- 
ter as being the highest use to which it can be 
put, and, we are agreed to that. Water, when 
it is necessary for drinking purposes, is beyond 
estimate in value—it is an absolute necessity. 
Outside of its use for a domestic supply, in my 
judgment, the greatest value that it will 
for this community, and for Southern California, 
will be the service it will render in agriculture 
and horticulture, as these the basis of all 
our wealth. 

We estimate that there will be sufficient sur- 
plus water for the irrigation of 135,000 acres of 
land. There are few who have a _ compre- 
hensive and accurate idea of how large an 
this is. Today, the total irrigated 
Southern California, west of the 
from Santa Barbara to San 
miles) is only 250,000 acres. Ht if @a 
moderate estimate to that the 
of the products per acre raised on these selected 
semi-tropic lands, would be $100 per annum. 

I believe there ultimately resulting 
from the cultivation of this 135,000 acres of land, 
$13,500,000 annually distributed in the broadest 
and best way, throughout the entire community. 


have 


are, 


area 
area of 
Coast tange, 


Diego (about 200 
very 
value 


say gross 


will be 


*Assistant Chief Engineer of the Los Angeles Aqueduct 
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Pasadena 

San Antonia 

32,320 
ndo 37,760 
31,095 


237,725 


huenqa 


Si/hambra 


Total. 





FIG. 6. 
TO WHICH IT IS PROPOSED TO SUPPLY WATER. 
do I need them. I believe that the City will act nues therefrom, it will not be 


fairly in this matter and with the farther argu- 


ment of the beneficial use to which the water is 
being put, I believe there is no danger of the 
water being removed from the farm. 

With reference to the situation in Los An- 
geles, we have been transformed gradually from 
a Spanish agricultural district into a city. We 


have all seen within the last few years the same 
Hollywood (now an outlying suburb 
We have small horti- 
obtaining water from the San 
grow and develop. We have 
over the ownership of tnat 
have seen the City win that suit, and 
the fact that the City won, there has 
enmity displayed. 
A reasonable opportunity was given Hollywood 


process at 
of Los Angeles). 
cultural district 

Fernando Valley 
ontroversies 


seen a 


seen ( 
water; we 
in spite of 


been no aggressive 
k 





3.) If water is taken 
at present for only a 
scattering portion of the 
inhabitants, or of the 
land in a district, the 
listribution system will 


have to be as 
and 


extensive 
almost as expensive 
built to 
area, thus 


involving an improper ex- 


as if it were 


serve the entire 


penditure and an _eun- 
due burden upon. those 
using or supplying the 
water. 

(4.) As the area contig- 
uous to the city upon 
which the water may be 
supplied, is greater than 
that which the water 


available can adequately 
and as it is import- 
ant to the 


market its wa- 


Eno News 

serve, 
city to 
promptly 
ter and obtain reve- 
economically proper 
to hold, in reserve, water for land not promptly 
paying for it, which land would be 
benefited therefrom in a_ speculative 
without cost. cedure w 


greatly 


Way and 


Such a pri yulid probably 


prevent other districts which are willing to pay 
for the water from being supplied at all. Nor 
would it be fair to permit one living in a dis 
trict, who is subsequently willing to pay, to 
afterwards take a portion of the water pre- 


viously purchased by his neighbor. 


(5.) If it is accepted that when a district is 
supplied with water, both the distribution sys- 
tem and the amount of water therefor must be 
ample for the entire area, then some plan should 


be devised for dealing with organized 
having power to contract with the city 


Federal, State and 


districts 
under the 
Municipal laws 




































ENGINEERING NEWS. 





Vol. 64. No. 26. 





In conelusion: We realize that the City has affect the cost to manufacturers and consumers. chase existing distribution svstems at a reason- 
bonded itself for an aqueduct and for power The City should realize a direct profit from the able price there is no justification for such a 
plants, practically to the limit of its bonded in- development of this power, but this will not rep- claim. The question is raised as to the effect on 
debtedness. The construction of a distribution resent its greatest benefits, and should not be the generating systems of the combined compa- 
System to cover 135,000 acres of land, is an ex- given more than due 


pensive proposition. It will be necessary for 
some one to pay for the construction of those 
works. I do not believe that the City, at the 
present time, is in a condition to do this, but a 
district, if properly organized, might meet such an 
expense Furthermore, I think that it is only 
just and proper that the City after going to 
such a large expense, in connection with tne 
construction of the aqueduct, should be able to 
require from such districts, as has been sug- 


gested, a very substantial bonus, not for a water 


right, but for the privilege of using the water. 


Suggestions on the Disposition of Electric 


Power. 
By E. F. SCATTERGOOD,* 
The state of the City’s finances must neces- 
sarily be considered in connection with sug- 


gestions as to the utilization of the Los Angeles 


Aqueduct power. The amount of bonded = in- 
debtedness of municipalities of this State is 
limited by an Act of Legislature to 15% of the 


assessed 


valuation. 
the City of 


This 

Angeles at 
$10,000,000 
bonds 


leaves a margin for 
present time of 
and above all 
together with those 
but not as yet 
It is true, however, that it is not desirable to in- 
the bonded debt of the that 
which is absolutely necessary this rea- 
seems appropriate in discussing tne power 
question to point out the 


Los 


the 


something like over 


outstanding and 


authorized by the people 


issued. 
crease city beyond 
and for 
son it 


desirability of giving 


every consideration to the policy of requiring a 
considerable bonus in connection with a rental in 
making up the total compensation received by 
the city for surplus water. The amount sug- 
gested by Mr. Mulholland may be increased or 
decreased, but, as suggested by him, it would 
mean something like $6,000,000 which would 
provide the necessary $2,500,000 for main dis- 


tributing conduits from the San Fernando reser- 


voirs to this City and to the various irrigating 
districts, and at the same time, would materially 
relieve the City’s bonded debt. From these re- 
marks it appears that the City is free to adopt 
whatever policy seems best,-having in mind the 
City’s interest and the public good in this com- 


munity, and that it is not necessary for the City 
best 
indebtedness in 


to consider sacrificing its 
to avoid additional 
tion of its power. 

The amount of 
at the 
aqueduct, 
the 


(owens 


interests in 
the 


order 
utiliza- 


power which may be 
power along the 
together with some 7,000 
Cottonwood and Division 
River valley, is 
City at a _ central 
64,000 HP., after 
ill losses, and 


developed 
the 
from 
the 
the 
average of 
allowance for 
provision of regu 
with two of these 
will be possible to deliver this in 
with the demand during 
hours up to a peak-load of 120,000 HP. 
As shown in the preliminary 
Electrical 


various sites line of 
rr. 
Creeks in 
such as to deliver in 

sub-station an 
making 
owing to 


lating reservoirs in 


liberal 
the 
connection 
power sites it 
accordance any 24 
report of the 


Consulting Engineers,+ made 


soard of 


for the information of the public previous to the 
bond election of April 19 last, this power is 
not only unusually reliable as hydro-electric 
power, but can be delivered here at a very low 


cost as compared with the average hydro-electric 
power project in the West. The assurance, then, 
large amount of hydro-electric power under 
public control susceptible of development at very 
low should go a long way toward encourag- 
ing capital and toward encouraging manufactur- 


of a 
cost 


ing in this section, especially in connection with 
an assured water supply 
cilities under public 
load for all 
electric 


the 


amd 
control. 


ample harbor fa- 
The average peak- 
purposes as supplied by the various 
companies within the City limits is at 
present time something like 50,000 HP., and 
for this section, including Pasadena, Long Beach, 
Santa Monica and the 


intervening territory, is 


something like 80,000 or 85,000 HP. From this 
it appears that possible power to the extent of 
120,000 HP. peak-load. should very materially 





oF ‘trical Engineer of the Los Angeles Aqueduct. 
[7See Eng. News, March 24, 1910, p. 324.—Ed.] 


consideration. To dispose 
blocks of power to industries employing 
men would be a mistake. 

Conditions here seem to justify an original de- 
velopment of something like 80,000 to 40,000 HP. 
The cost of delivering at a central sub-station in 
the city a 30,000 HP. 
stallment will not 
of a 
consumers 


of large 


but few 


peak-load as the first in- 
exceed $2,250,000 and the cost 
distributing reaching all 
the present city limits for 
light and power, including street lighting, would 
be approximately $4,250,000, such 
system taking business 
than the present 


complete system, 


within 


distributing 
50% greater 
adaptable to extensions 
without extra expense. In order to give 
an idea of values in connection with the 
commercial and street-lighting business and not 
for the purpose of recommending any particular 
rate, profit or policy, it may be stated that as- 
suming that the city or any single concern with 
the investment of $6,500,000 in the properties 
mentioned, had all of the commercial light and 
power and street lighting, but exclud- 
ing railway power, it could establish a 6-ct. base 
rate with a corresponding scale for light and 
power, receiving credit at the rate of $60 
per lamp per vear for street lighting as 
against the present rate of $76.30, show an ex- 
cess earning of something like $700,000 per an- 
num, after allowing for all operating 
interest on the $6,500,000 at 4%%, 
of 2%% and 


care of a 
and 


business 


and, 
are 


expenses, 
sinking fund 
proper depreciation. These results 
conservative estimates, but could 
not be acomplished with several distributing sys- 
tems and several organizations operating to sup- 
ply the same 


are based on 


service. 
At the time the issue of $3,500,000 of bonds for 
power the 
limitations more. 
ditions in 
such as to necessitate 
$300,000 in temporary 


purposes Was 


not 


recommended, charter 
The con- 
regard to aqueduct construction were 
the expenditure of some 
work in order to pass the 
water by power sites unless certain work in con- 
nection with the power plants was provided for 
at the same time. The for providing 
funds promptly in order to make it possible for 
the city to profit by such opportunities at the 
completion of the aqueduct was recognized also, 
and as pointed out by the Mayor during the bond 
campaign, $3,500.000 would not only generate an 
appropriate amount of power, 30,000 HP. peak 
load, as stated, but would leave at least $1,250,- 


— 


would permit of 


necessity 


OO for distributing purposes, which would cover. 


a substantial portion of the city and result in a 
working system. So much being accomplished, 
it is evident that additional funds should be pro- 
vided 


for extending over the whole city, whicn 
work could be accomplished in a comparatively 
short time after such funds might become avail!- 
able, thus placing the system in a position to 
make a much better showing, whether it should 
have the whole business of the city, as sug- 
gested in the foregoing hypothetical case, or be 


under the necessity of competing for business, in 
which case the showing which the system could 
make would be quite different, but the benefits 
to the consumer no less. The present peak load 
for light and power in the city, excluding rail- 
way power, is approximately 17,500 HP., so that 
30,000 HP. would care for several vears’ increase. 

The wording of the ordinance calling the bond 
election and the ballot by which the _ people 
in the ratio of seven to one authorized the issue 
of $8,500,000 of bonds indicate an 
provide in some for both the 


intention to 


way development 


and the distribution of aqueduct power. It is be- 
lieved that the city will endeavor to purcnase 
the existing distributing systems at a fair valu- 
ation, and not proceed to install an independ- 


ent system unless forced to do so. This would be 


much better for the city and the companies as 
well, 

It has been suggested by many that the city 
should sell to the existing companies for dis 


tribution and resale by them to the inhabitants. 
The city and its inhabitants have patronized the 
companies in the past, and now has its own com- 
modity, and so long as it stands ready to pur- 


nies. Their statements to the City Council of 
January 1 show that approximately 20% of the 
total power generated is used in connection with 
the business in being all commercial 
light and including lighting, 
excluding railway power within the present 
limits. It is a fact that the yearly increase in 
the generating business has been 200, for 
years, from which it is 
cient notice neither 
systems 
impaired. There 
for all. It is 


question, 


power, street but 


city 


many 
with suffi- 
such gene- 
would be 
Southern California 
question of the city’s 
sharing in the business at least to the extent of 
its own consumption exclusive of railways. Re- 
ports of companies to the Council show that their 
distributing costs in connection with this service 
are something like $400,000 greate 
liberal estimate on these costs to 
supplying the same service. The 
selling for resale to the and 
its inhabitants, therefore, could not be contem- 
plated. It would perpetuate a constant tempta- 
tion to interfere with the city’s politics, as well as 
the unfortunate condition of a number of its best 
citizens having interests conflicting with the city’s 
best interests. It may be said that the people 
here have made the city in which they live rather 
than to have been born in it. 
understanding of 


evident 
the 
their 


that 
value of 
rating nor usefulness 
is room in 


simply a 


than 
the city for 
proposition of 


a very 


to companies city 


They have a good 


civic affairs, and the city has 
had succesful experience in handling municipal 
works of magnitude. Cheap power is not and 


will not ever be plentiful in this section, and is 
a matter of sufficient importance to justify public 
interest. 





The Over-Running of Signals Standing at 
“Danger.” * 


By M. HOOGEN 

Attempts to supplement the 

signals, as well as 
running into 


visible 
proposals to 
another, by 


signals by audible 
prevent one train 
means of special devices not 
depending on the attention of the locomotive driver, date 
back to nearly the beginning of railways. But such de- 
vices have only been used in very few 
during very short periods of time on 
and on railways in other countries. 
Opinions both here and abroad still differ widely as to 
the conditions which such a system should satisfy. The 
first serious attempt, on German railways, to elucidate 
the question whether and under what conditions it would 


from 


eases and only 


German railways 


be advisable to supply auxiliary means for drawing th¢ 
attention of the driver to the signals and for stopping 
the train in case of danger, was made in February, 
1901, when at the invitation of the German State Rail 
way Office representatives of nearly all the German 
States met to discuss what measures’ should be 


taken in order to increase the safety of the traffic. 
agenda of this meeting included 
two items: “Experiments for 
signals by audible signals” 


The 
inter alia the following 
supplementing 
and ‘‘Deviees for 
train by operating the compressed-air brake."’ 
The results which had been obtained by the combina- 
tion of audible and visible signals that time 
considered unsatisfactory; it agreed to 
submit the question to a commission, was to 
what devices were in existence, and to make 
tests: and which eventually might draw up proposals for 
the general introduction of audible signals De- 
vices for stopping a train by operating the compressed- 
air brake from without were not considered expedient; 


but this question be carefully investigated 
by the commission 


distant 
stopping a 


were at 
was therefore 
which 
ascertain 


such 


was also to 


Experiments were thereupon made in Saxony with the 
‘crocodile’ contacts of the French Northern 


Railway, 


and with an audible signalling device operated by car- 
bonic acid; in Baden a so-called ‘‘distance’’ brake was 
tried. In neither case were the results satisfactory. In 


Prussia, a special committee was appointed to examine 
the many inventions of this kind which were submitted; 
but nothing useful was found. 

In the meantime, the German Verein had also been 
considering the question. The Austrian Railway Minis- 
try addressed a letter dated Dec. 12, 1901, to the acting 
committee of the Verein, in which attention was drawn 
to the fact that in consequence of accidents which result 
from the over-running of 
there is a continual 


signals standing 


repetition of the 


at danger, 
demand for de- 
*From the ‘‘Zeitung des Vereins Deutscher Eisenbahn- 


verwaltungen,”’ as reprinted in the ‘Bulletin of the In 
ternational Railway Congress Association’’ for November 
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sss 


vices for showing the 


means of 


that 


visible 


driver the line is blocked, 
the semaphore, but also 
by means of another audible or other signal on the loco- 
motive, and in some cases by the automatic operation of 


not only by 


the brakes, by automatically cutting off steam, etc. The 
Austrian Railway Ministry therefore proposed that it 
hould be determined, in the first place, whether such 
levices were really’ suitable for increasing the safety 
of the traffic to the extent desired. This proposal was 
vrrought before the technical committee, and _ referred 
xy them to a sub-committee, consisting of eleven mem- 


bers for 


consideration 
careful 


sub-committee, 


and report. 
examination. 


after 


It was subjected by 
them to 
The 


ministrations 


very 

sending 
the 

Austrian 


all ad- 
answered the 
Ministry, by 


inquiries to 
Verein, 
Railway 


belonging to 


question raised the 





stating that devices for informing the driver that a 
signal is at ‘‘danger’’ by means other than those at 
present in use (for instance, audible or other signals 


on the locomotive) are considered advisable, but that 
such devices must satisfy the condition of being abso- 
lutely reliable in their working. Devices which satisfy 


his condition known. 
the brakes or 
ntervention of 
When the 
ommittee 


are not Devices for automatically 
cutting off steam, without the 
driver, considered inadvisable. 

the technical 
June 10-17, 1904, 
the sub-committee 
in order to be absolutely 


applying 
the are 
question 
at its 


was discussed by 


meeting at Trier, 


they adopted the answer proposed by 


but expressed the opinion that 


reliable, the devices should at least satisfy the fol- 
lowing conditions 

(1) The device must not only show that the corre- 
ponding stationary signal is being approached, and its 


eventual position at ‘‘danger,’’ but also any defect in the 
prevent its action. 

stationary concerned, the 
to make it possible to stop 


before reaching the 


levice which would proper 


(2) As far as signals are 
levice 


t} 


must act soon enougl 


1e train with certainty signal in 
question 
(3) The the must 
any previous attention on the part of 
the presence of the 
apparent to the driver in an 
the conditions which may 
indication must be 
stack 
trains running in 
in question applies. 
device may only stop acting if the locomotive 
still Any switches are admissible 
constructed that the locomotive can 
started unless they are in the correct position 


(5) The device must be arranged so that its action can 


perception of signal not necessitate 
the driver; on the 
miust at make 
unambiguous way, 


locomo- 


contrary, signal once 
tself 
under all 
tive. The 


running 


arise on a 
given the locomo- 
tender first It must 
the direction to which 


whether 
tive is first or 
act 

the signal 


(4) The 


is standing 


only with 


they are so not be 


not be stopped maliciously or unintentionally. The sign 
must not be given unintentionally by any obstructions 
on the track, which do not affect the running of the 
trains 


(6) Unauthorized 
signal on or to pull 

(7) The upkeep the device 
not be attended with any particular difficulty. 

(S) It must be possible to give the stop signal on the 
locomotive, without any particular difficulty or lengthy 
preparation, at each of the places so equipped, from any 
point that may be convenient 

These resolutions of the committee were adopted by 
the general meeting of the Verein, held at Danzig Sept 
1-3, 1904. The next number of devices were 
submitted, the conditions 
defined But at first of the devices sub- 
mitted proved to be satisfactory. Only towards the end 
of 1906 were a few devices submitted, which were suffi- 
iently developed to make it advisable to try them. The 
administration of the Prussian State Railway thereupon 
started to make systematic trials of them in ordinary 
working, on a larger scale, devoting considerable funds 
to the purpose. Particulars of these trials, which had 
just begun, were published in the ‘Zeitung des 
Vereins Deutscher Eisenbahnverwaltungen,’’ 1907, No. 48. 

The first trials there mentioned, with double-light dis- 
tant signals, are completed. According to the decision 
of the council of March 10, 1910, this pattern of dis- 
tant signal is to be substituted for that formerly used. 
results obtained in Saxony and on several large 
trial sections on the Prussian state Railway prove 
beyond doubt that the perceptibility of the distant sig- 
nals in the night time is materially improved by this 
irrangement. It is to be expectea that this alteration 
will be completed in a few years; the limit fixed for 
out is the end of 1919. No doubt a good 
effective distant signal will for a long time to come re- 


persons should not be able to put a 
it off. 
and 


supervision of must 


year a 


igain which were to satisfy 


above. none 


then 


The 


earrying it 


main the most effective means for preventing the over- 
running of the main signal. Hence it may also be 
expected that this improvement of the distant signal 


will make it easier to attend to the stop signals. 
Experiments with combined detonating and visible 
have been made on the larger scale in the dis- 
tricts of the Bromberg, Cologne, Miinster and Stettin 
directorates. The detonation and the light produced by 
the detonators used suffice to attract the attention of 
the driver. The attendance is simple, if it can be carried 
from an existing signal cabin. The cartridges, 


signals 


out 





only if ~ 





usually three in 
lever 


number, are placed on the rail by a 
operated from the signal cabin. 

When this machine intercalated in the wire trans 
mission of the signal, in one of the directorate districts, 
difficulties arose, although the machine was in immediate 
connection with the wire block signal 
The movement of the signal was so much impeded, that 
the machines had to be 
winter. 

Moreover during 
and vehicles would not 
if such signals were near habitations or 
streets running alongside the This would prevent 
their use for distant signals, which are more frequently 
overrun when standing at But 
out of consideration, detonating 
originally represented a and 
hardly suitable for that a 
stands at 


mechanism 


was 


transmission of a 


disconnected during part of the 


the trials doubts arose, 
perhaps 
used 
line 


whether per 
sons 


risks 


run considerable 





“‘danger.”’ leaving 

which 
signal, is 
distant 


even 


this signal, 


the 
danger 


indicating 


stop 
signal 
‘caution.’ 

In a 
out by 


further series of experiments, which 
the Altona, Halle, Kattowitz 

electrically-operated 
placed in front of the 
of the train reaches a 
meters (S28 yards) in 
latter standing at the 
sound and continues to do so 
reaches another contact 
behind the distant 
working of the 
cator in the signal 
yet concluded In 
of the siren has as a 
tion of the driver. In 
trains, the sound 
case, the 
living in 
loud 


these 


were 
and Stettin 
and horns 

When 
Which is 


carried 
dire« 
torates, sirens were 


head 


distant siguals 


contact 
front of 


the 
placed 


the distant signal, 


the 
‘“‘caution,”’ begins to 


the 


siren or born 
until the 
placed 50 
The 
effected by an 


head of 
train 


yds.) 


proper 


(oo 
the 
indi 


meters 
signal. 

appliance is 
These 
the case of 
rule 
the 

appears 

appliance 
the 
sound of 


control of 
cabin experiments 
trains sound 
attract atten 
of passenger and express 
not to be sufficiently 
had to be removed 
neighborhood were 
the 


are 
the 
the 


hot 
goods 
sufficed to 
Case 
strong 
In one because 
people inconvenienced 


by the 


While devices intended to notify, by an 
audible signal given from a stationary point next to the 
track, that a signal is being approached, the 
Signal-indicator is intended to give the audible signal 
notifying the approach to a distant signal, on the locomo- 
tive itself. When the train approaches the distant 
nal, a brush fixed to the locomotive into contact 
with two fixed the track 
The armature of a relay on the drops off, 
a red disk appears and an alarm is which 
the driver can again stop by a push. 

The Hanover, Stettin and Breslau 
made experiments with this appliance 
express, two 


siren 


are 


electric 


Sig- 
comes 

next to 
locomotive 
switched 


contact bars placed 


on, 


directorates have 
In Hanover two 
and two goods locomotives 
equipped in this way; contact bars are placed before all 
distant signals of the home and block signals, both di- 
rections, on the very busy section Wunstorf-Minden. 
The results of these trials have not yet been wholly 
satisfactory. Minor defects in the indicators have, it is 
true, been gradually eliminated. The contact brushes 
have, however, been repeatedly damaged by ballast and 
by other objects projecting into the boundary of the 
loading gage, although the steel-wire brushes seem par- 
ticularly suitable for making proper contacts even when 


passenger are 


the locomotive oscillates, and for yielding to any ob- 
structions. When running at high speed the appliance 
still sometimes fails to act. 

The van Braam train-safety apparatus, on the other 


hand, attempts to solve the problem by purely mechan- 
ical means. It consists essentially of a pair of slippers 
mounted on the locomotive. If these slippers slide on 
raised treadles placed alongside the rails, a rod is pulled 
downwards. This moves a catch, which under ordinary 
conditions prevents two spindles from being turned by a 
spiral spring, which is in a state of tension. When the 
eatch is disengaged, spindles turned by the 
spiral spring. The movement can be utilized for start- 
ing the compressed-air brake, for making a colored disk 
appear and for operating a recording instrument. 
Trials with the van Braam apparatus have been made 
on the Prussian State Railway in the districts of the 
Halle, Danzig and Breslau directorates. Ten 
locomotives have been so equipped in the Halle district 
alone Trials are being made in the Hanover 
district. In these trials, in accordance with the opinion 
expressed by the meeting of 1901 and the resolutions, of 
1%)4, of the technical committee of the German Verein, 
the action on the brakes has been eliminated, because 
it was thought that this might in course of time weaken 
the feeling of responsibility and the attention of the 
drivers; moreover, it would make the apparatus more 
complicated and consequently more unreliable. The re- 
cording instrument has only been tried in the Danzig 
trials, as it is not of great importance if the 


the 


are 


express 


also 


slippers 


only act at the distant signal, which it is permissible 
to over-run even when it is standing at ‘‘caution."” We 
may however at once draw attention to the fact that 


in the case of experiments made with this apparatus it 
is primarily of minor importance how the movement 
which the treadles produce on the locomotive is utilized. 
The chief difficulty 


consists in making the arrange- 
ments for the transmission reliable and durable. The 
experiments, particularly those carried out with great 


eare by the Halle directorate, have given useful infor- 
mation for determining the value of this apparatus 

The turning on of the steam whistle is reliably ef 
fected at speeds of from about 20 kilometers (12.5 
miles) per hour upwards, if the slippers and the treadles 
are in order Unintentional turning on has occurred 
It is true that there is not much risk of this, because 
as the van Braam apparatus is arranged, it ecessary 
for both slippers to be raised before the whistle or 
brake is affected In several cases the slipper were 


broken, although special care was taken on the 
mental 


exper 


sections 


that there should be the proper clear 
ance The cause of this is that a depression of 5 milli 
meters (3/16-in.), of the slippers suffices to make them 
strike objects which are outside the loading gage proper, 


but very near to its boundary, such as guard baulks or 
bridges, check rails at cross-over stiffener brackets on 
bridges, etc 

Experiments made however show hat oscillations . of 


up to 25 millimeters (31/S2-in.) 




















2 actual oc¢ur. The 
guard baulk of a bridge, which was only 35 millimeters 
(1%, ins.) above rail-level, and hence still 15 millimeters 
(1%) S2-in.) from the boundary of the loading gage, was 
found to bear slipper marks Similar observations were 
made at other places It follows that as present con- 
structed the slippers are liable to strike objects and 
become broken 

During the trials, moreover, difficultie irose in the 
connection between the treadles and the distant signals 
During the snowfalls of Nov. 16, 17 and 24 of last year, 
the treadles ould not be moved into position The 
consequence was that the indications of the signals be 
came uncertain and dangerous In order to make the 
operation of the signals possible, it became necessary to 
disconnect the treadle It seems at the very least very 
doubtful whether it is possible to improve the treadles 
in such a way that they will always act reliably, espe 
ially ugder unfavorable conditions in winter 

For this reason the experiments are to be continued 
in a modified form; instead of using movable treadles 
having a position dependent on that of the distant sig 
nal, fixed treadles or bars are to be tried The loco 
motive driver is then informed, not how the distant 
Signal is set, but only that he is approaching such a 
signal, just as in the case of the electric apparatus 


described above Experiments with this arrangement 
have not yet been made 

The proposal to use wireless telegraphy for transmit- 
ting signals to the locomotive has also been taken into 
consideration The Stettin directorate has made trials of 
this kind on the Angermiinde-Neukiinkendorf section 
The installation was provided by the firm of C. Lorenz, 
of Berlin; electro-magnetic waves, which were contin- 
ually produced at a sending station, were transmitted 


by -induction to the telegraph lines along the track, and 
from them to a receiver placed on the locomotive At 
those places where an approach to a signal was to be 


indicated, the waves going to the receiver on the loco 
motives were intercepted by a screen This brought a 
wave-detector back to the zero position and a colored 
disk was shown. 

The experiments have shown that is is possible, within 


certain limits, to 
strength of the 
duced as the between the 
the locomotive increased Then 
the screen at the distant 


transmit 
waves, 


to the 


became 


signals the 
materially re- 
sending station and 
the effect which 


was intended to produce, 


locomotive; 
however, 
distance 
aiso 
signal 
was also produced in another way, for instance by tele- 


graph lines the 


crossing railway, by iron bridges, by 
iron signal poles, and even when the locomotive ran 


through a deeper cutting. It is 
this apparatus will give useful 
On the hand, good 
another tried, the 
This intended to 


is yet hardly likely that 
results 

other results were obtained 
recording 


record the 


with 


device so-called alarm 


apparatus is over-running of 


signals. A rail contact is placed next the home or block 
signal. If this is run over while the signal is at 
‘“‘danger,’’ a recording alarm is set ringing at the place 
from which the signal is operated In stopping the 
alarm a counter is advanced one, and thus records 
the over-running of the signal This makes it possible 


forthwith to 
a signal is 


investigate every case of 
over-run at all 
be investigated and any 
ean be remedied. This 
five different directorates, 
were obtained A number of these 
alarms have accordingly already been ordered 
Thus the number of experiments made on the 
State Railway in order to 


over-running. If 
frequently, the cause 
existing unfavorable 
apparatus 
and in each 


can 
conditions 

tried by 
case good results 


has been 


larger recording 


Prussian 
determine, in 


actual prac- 
tice, the utility of the proposed devices, is by no means 
inconsiderable. Proposals of the most varying kinds 


have been considered 
has made systematic 
ments in order to 


of over-running; and if, 


Probably no other administration 


more and comprehensive experi- 


solve the problem of the prevention 


without prejudice, we consider 


the results of the experiments, we obtain an answer to 
the question why the administration of the Prussian 
State Railway has not yet decided on the general in 
troduction of one of the proposed devices. 

An ‘‘absolutely reliable’’ action cannot be demanded 


of such appliances, and will probablg never be expected 
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But it may with justice be demanded that failures shall 
be the exception, when that care is exercised in the 
maintenance of the track appliances and the rolling 
stock which is to be expected in a railway system of 
the magnitude of the Prussian State Railway. 

ut this standard has not yet been attained in the 
case of any of the appliances in question; nor, as may 

| emphasized, has it been attained in the 
case of the van Braam apparatus. Certainly the method 
adopted by the Prussian State Railway (practical trial 
of a large number of different appliances) is the best 
for finding out which of the appliances in question will 
satisfy all reasonable requirements. 

In adopting this procedure, the administration need 
have no fear that it will lag behind foreign administra- 
tions in the utilization of valuable inventions; this is 
shown by the second report, just published, of the 
American Block Signal and Train Control Board, which 
was instituted in 1907 in order to test block signals, 
itutomatic stop signals and signals shown on the loco- 
motive The work of this board extended over two 
years, and during this time several hundred inventions 
were submitted to and examined by them. The result 
was that at the end of the second year of the period 
the report applies to, one sole appliance for stopping 
the trains from the track had been constructed and 
was ready for being tested in practice 

Thus this report shows that the large majority of 
the railway-signal engineers of the United States consider 
the question of the automatic rail contacts and signals 
on the locomotive as not yet sufficiently advanced to 
consider these appliances as ready for practical service 
The same is indeed at present the case in Germany. 

It is, however, to be hoped that the meeting of rep- 
resentatives of the German 
railway administrations, pre- 
sided over by the German 
Railway Ministry, which is 
again going to discuss the 
measures to be taken for 
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preventing the over-running 
of signals, will 


result in 
elucidating some of the point- 


which are as-yet doubt- 
ful, and that it will then be possible to make a material 
advance The experiments made in Prussia form a 


valuable basis for the purpose. They are being contin- 
ued and extended to any other proposals from which 
useful results may be expected. 

That this will be the case with the inventions of the 
Unverricht Syndicate, which have been much talked 
about of late, is however open to doubt. The appliance 
used in connection with the Unverricht train-safety ap- 
paratus, for preventing the over-running of stop signals, 
consists of a fragile rod which is broken if a signal 
standing at ‘‘danger’’ is over-run, and this then makes 
the compressed-air brake act; similar devices have 
already been tried on the Prussian State Railway and 
found unsuitable for standard-gage tracks run over at 
high speeds. 


In addition, with the Unverricht apparatus the run- 
ning train automatically protects itself. It would there- 
fore, like all similar appliances, have the disadvantage 
that if there was any failure in the apparatus it would 
be necessary, without special orders, to run past the 
block signal which is standing at ‘‘danger’’ and thus 
the stop signal would lose its significance as an abso- 
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FIG. 3. SECTION SHOWN IN FIG. 
lutely prohibitive signal. In the case of a train-break, 
if the front part of the train continues its journey, the 
ection behind the part torn off is opened without further 
adu Thus there is the risk of another train running 
into the part torn off. 

The automatic protection of the train is thus inferior, 
as regards the safety of the traffic, to the alternating- 
current section blocking, operated by the signalmen, as 
practiced on the Prussian State Railway; in this the 
opening of the section, and consequently the movement 
of the next train, is made dependent on the action of 
the train. 

Of the 15,800 kilometers (9,820 miles) of double track 
ind multiple track sections of the Prussian-Hessian 

tate Railway, already 14,500 kilometers (9,010 miles) 
are equipped with this section-blocking. It will take 
about two years to equip the 1,300 kilometers (810 miles) 
left. Of the more important single-track sections, 1,500 
kilometers (930 miles) are already equipped with section- 
blocking: the rest will be equipped during the next 
few years Hence the system of automatic train-pro- 
tection, on which the Unverricht invention is based, 
does not require consideration on the Prussian State 
Railway 
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Dams, Barrages and Weirs on Porous Foun- 
dations. 


By W. G. BLIGH,* M. Inst. C. E. 
Structures of all descriptions are usually 
founded on an impervious stratum consisting of 
clay or solid rock; sand, on the other hand, in 
addition to being porous is easily disintegrated, 
the particles of which the mass is composed hav- 
ing no mutual cohesion; consequently in the case 
of hydraulic works which are subjected to hydro- 
static pressure, sand would seem to be an abso- 
lutely unsuitable material for foundations. In 
spite of these apparently insuperable defects it 
is quite possible to design works of assured per- 
manency on nothing but this proverbially un- 
stable material for a foundation. The most 
notable hydraulic works of this description are 
the diversion weirs and open dams across great 
rivers whose beds consist of sand of practically 
unlimited depth. Of such the Colorado weir of 
the Yuma irrigation project may be cited as an 
example in this country. To found these struc- 
tures on solid clay or rock would involve con- 
tinuous foundations below the river bed of a 
depth of 50 or 100 ft. or more, which is clearly 
impracticable, consequently the work has _ per- 
force to be founded on the sandy bed itself. 

These works are not only subject to hydro- 
static pressure, which tends to undermine the 





Fig. 1. 


Structure by gradual disintegration and removal 
of the porous substratum, but owing to the ob- 
Struction offered to the free passage of floods, 
they are further exposed to the kinetic effect of 
masses of water in violent motion. Notwith- 
standing this many large works of like descrip- 
tion have been successfully constructed and are 
as stable and permanent as if on solid rock in- 
stead of on the ever shifting sand of deep rivers 
The object of this paper is to explain the prin- 
ciples underlying the successful design of hy- 
draulic works founded on a loose porous foun- 
dation of sand, gravel, or boulders, and further 
to deduce rules for their application to practice. 

All formulas or rules for the dimensions of 
parts of structures must be originally deduced 
from actual experiment. In the case of river 
diversion weirs the failures of some of these 
works form valuable object lessons, which are 
equivalent to experiments in a large scale. It 
is by deduction from the facts obtained from 
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The pressure, or its equivalent the head, thus 
diminishes regularly from the entry to the ter- 
mination of the pipe line where it vanishes. If 
the pipe line were not straight but sinuous, the 
Hydraulic Gradient would be A’ C’, B C’ being 
the length when straightened out. 

Fig. 2 illustrates the case of an impervious 
earthen embankment overlying a porous sand 
stratum holding water on one side. The hydro- 
static status in this case is in no wise different 
to that already shown as obtaining in the pipe 
line. The pressure of the water in the reservoir 
under the head A B causes percolation through 
the porous sand, lying below the impervious 
base of the earthen dam, from the point B to C. 
At this latter point the confinement below the 
superimposed mass ceases and the percolating 
water is free to rise, consequently the upward 
hydrostatic pressure comes to an end and the 
hydraulic gradient as before is the line A C, the 
hydrostatic upward pressure being measured by 
vertical ordinates from B C to A C and the total 
by the triangle A BC. This upward pressure is 
counterbalanced by the weight of the earth plus 
that of the water overlying the near slope. 

As in the case previously considered, the water 
in its passage through the particles of sand 
forming the foundation, acquires a uniform ve- 
locity which is proportional to the length of this 
enforced percolation, and the hydrostatic pres- 
sure, as measured by the head, is also gradually 
neutralized. This neutralization of head, as in 





Water Leve A 
SE 
Grad ent =, LH 
l > 
ray, 2. 


the pipe line, is produced by the friction en- 
countered by the slowly percolating current in 
its travel through the sand and the resulting 
retardation of flow must also vary with the fine- 
ness or coarseness of the medium through which 
the percolation takes place. The safety 
structure subjected to water, pressure and 
founded on a porous stratum from being under 
mined by a gradual 


of a 


process of washing out of 
the particles of sand by the percolating under 
current—termed piping—is thus clearly dependent 
on the length of the enforced percolation pro- 
vided. If this length, which will be symbolized 
by the letter 1, is made sufficient to reduce the 
velocity of the flow of the under current to such 
a proportion as it will exercise no deleterious 
effect as regards disintegration of the sand, it is 
evident that the safety of the structure from 
failure due to “piping” will be assured. 

The value to be assigned to I must clearly be 
some multiple, ¢ of the head H or 1 =e H. 
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(Rear apron on right; extension of fore wall on left.) 


these -failures under stress, which latter are 
closely analogous to the fracture of beams or 
rods tested to their utmost endurance, that re- 
liable rules can be framed whereby any struc- 
ture on a porous foundation can be designed 
with perfect confidence as to its stability. 

Fig. 1 illustrates the case of a pipe line leading 
out of a reservoir of water. As is well known 
the velocity of the current confined in a pipe of 
one size is uniform throughout and varies di- 
rectly with the pressure, that is with the head of 
water, and inversely with its length? A line 
A’ C joining a point A’ somewhat lower than 4A, 
the actual water level in the reservoir (to allow 
for loss of head due to entry) with the level of 
the water where the pipe terminates and dis- 
charges its contents into the open, is termed the 
Hydraulic Gradient and ordinates drawn from 
the center of the pipe to this grade line measure 
the head acting at the several points. 
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2, WITH TWO METHODS OF CARING FOR PERCOLATION THROUGH FOUNDATION. 


The problem thus resolves itself into the simple 
one of finding reliable values for this so-called 
“percolation factor” or coefficient c, suitable to 
different classes of sand. These can only be de- 
duced from actual experience. In the accom- 
panying table, sands have been roughly classified 
and suitable percolation factors, based on ex- 
perimental statistics or deduction from 
have been assigned to them, 
quently explained. 


such, 
as will be subse- 


VALUES OF PERCOLATION FACTOR c IN EXPRES- 
SION 1 = c H. 


Class. ec. 
Fine silt and sand as in Nile River...... A 18 
Fine micaceous sand as in Colorado and 
PEAMRRNOTE TRAVOPE © 5 5.66 i.'00 65 vse esncdecs B 15 
GrGIMATY CORTES ONRG soc cccsccccccccscccee Cc 12 
ROO) WEE BIN s 5 < 6:0:0:0:50095:65 46 805 0 cosee B 9 
Boulders, gravel and sand............... E 4 to 6 


In Fig. 3, suppose the length of enforced per- 
colation B C, to be insufficient and the hydraulic 
gradient A C too steep, the velocity of the per- 
colating water will be capable of conveying away 


east 





December 29, IQIO. 


ENGINEERING NEWS. 





particles of sand from beneath the earthen dam 
and thus undermining it. Assuming the sand 
n this case to be of Class C it will have a per- 
lation factor of 12, and with H = 20 ft., then 
the required base length will be 12 x 20 — 240 
the actual base length being 182 ft. only. In 
rder to increase the value of l, two courses are 
pen: The first is to lengthen the base width 
f the embankment down-stream. In order to 
effect this the whole embankment would have to 
be enlarged, as shown in the dotted outline to 
the left, so as to meet the increased upward 


usually provided with collapsible iron crest shut- 
ters, and the apron. As the height of the ob- 
structing weir seldom exceeds much above 10 ft. 
except on a boulder bed, the weir wal! itself in 
a direct overfall is of minor consequence, the de- 
sign being mainly centered on that of the apron. 
Fig. 6. illustrates the case of a direct overfall 
weir, provided with crest shutters and with a 
horizontal fore apron. This latter adjunct is 
obligatory apart from hydrostatical reasons, for 
the protection of the bed from the scouring action 
of the water passing over the weir. The width of 


toe of this talus, measured from the drop. wall 


is dependent on two considerations—first, the 
height of the permanent obstruction H,, or that 
of the masonry drop wall abovy w water 
(A’ B in Fig. 6), and secondly, on the intensity 
of the action of the river in flood, which can be 
gaged by the unit flood discharg er the weir, 


symbolized by g. Taking the Narora Weir, Fig. 10, 
as model, the width of the talus, or L, will vary as 


V Hs, ie., V10, and also as WVq, i.e., W775. 
The formula will then be 














hydrostatic pressure. A second method whereby’ this part of the impervious apron must there- Law We H la 
this enlargement in section can be avoided is to fore be of a fixed minimum value W, which is ob- : 10 bf 
lengthen the impervious ( 
base rearward. In this ' <“ sani A 

‘ase the upward hydros- H= 20. PW) Ea aE ———— 
tatic pressure to the rear c= le ww Step 2! + 

of the dam is more than ow ne! i 3 oe - 1% 
balanced by the overly- sia aoe ASSN Rear cy 

ing weight of water, con- Seer pat 

sequently a comparatively er a > 

thin impervious apron of FIG. 4. ADDITIONAL PROTECTION BY CURTAIN WALL. 

earth is all that is re- : 

quired. This is shown at the right of Fig. 3. tained by the following empirical formula based Thus supposing the drop to be 12 ft. and the 


The resulting effect of this ‘rear apron’ as it is 
termed is to throw the incidence of the head 
backward from A B to A’ B’. The length B’ C 
will be 240 ft. and the hydraulic grade line A’ CU 
vill be 1 in 12. 

Theoretically the rear apron need not be any- 
thing but an impervious sheet of material, but 
practically it must be of some definite weight, as 
otherwise the percolation might partake of the 
nature of a surface current beneath the apron 
and would not be forced to pass through the 
medium of the sand, for which reason the rear 
ipron, if of clay, is usually made not less than 
t or 5 ft. thick. 

In the case of embankments built across 
running streams carrying silt in suspension, 
an efficient natural rear apron  is_ often 
formed by deposit; this, however, should not be 
depended upon, since if a watertight connection 
s not formed with the embankment, or if a 


break occurs in the continuity of the apron, the 


Fig. 5. Typical Overflow Weir Section. 


incidence of the head will not be at the termi- 
nation of A’, but at some intermediate point, and 
so the effective length of percolation will be re- 
duced below what is the safe limit. 

In addition to the extension of the base fore and 
aft of the original embankment, there is yet an- 
other means available whereby the travel of the 
percolation can be increased and that is by ex- 
tension in a vertical direction. This is exempli- 
fied in Fig. 4, where at the base of the embank- 
ment a row of sheet piling or some such other 
mpervious curtain wall is inserted. It has been 
ascertained experimentally that the value in in- 
crease of length of percolation due to a vertical 
obstruction is double that beneath a horizontal 
apron, for the reason that the percolating cur- 
rent travels down one side of the obstructing 
curtain wall and up the other. This is subject 
to the proviso that vertical curtain walls, if more 
than one, are not spaced nearer than twice their 
depth. 

In Fig. 4 the depth of the curtain is made equal 
to ¢. or 12 ft., and the rear apron is reduced by 
24 ft, or by 2¢, the length of percolation remain- 
ng the same as before. The hydraulic grade 
line A C will, however, not be in one continuous 
line but will have a step at the vertical curtain, 
the depth of which will be equal to the neutrali- 
zation of head effected by the curtain. As the 
latter is made 12 ft. in depth the neutralization 
thus effected will be equivalent to 2 ft. depth of 
water. 

The case of a diversion weir across a river will 
now be considered. Such a structure consists of 
two main parts, the weir or drop wall, which is 





on actual practice, 


in which H, is the height of shutter crest above 
the floor level or A B 

The width of the fore apron, obtained by the 
above formula is in terms of the percolating 
factor, a reasonable deduction, as the value of ¢ 
is representative of the nature of the river sand. 
The lighter the sand the easier disintegrated, con- 
sequently a longer apron will be required. The for- 
mula is based on the hypothesis that with a 10- 
ft. over-fall and 38-ft. deep-crest shutters, as is 
the case with the existing work illustrated in 
Fig. 11, the correct length for the fore apron 
will be 4c, or in this case 4 x 15 = 60 ft. When 
the height of the shutter crest is more or less 
than 13 ft., the width of the apron will vary in 
proportion to the square root of such height 
with that of the standard, which is 13 ft. 





sand of Class C and the unit flood discharge, or 
q to be 150 sec.-ft. 

Then the width of fore apron will be 

Ss | Hi 12 
Wate 4 x 12x Y— 

13 13 

nearly. 

The distance of the talus from the drop wall, 
or L, will be 


» 


10 x 12 \ \ » 
10 

With a 40-ft. high weir, on a boulder bed, hav- 
ing a percolating factor of 5 and q assumed at 
215 sec.-ft., W do ft. and L 
The length of impervious apron obtained from 
the width W, plus the base width of the 
drop wall being never sufficient for the purpose 
of percolation, the required value of 1 or of CrH 
will have to be made up by the addition of a rear 
apron, or by that of a vertical curtain as well. 


185 ft. 





FIG. 6. OVERFLOW WEIR SECTION PROTECTED BY APRON AND 
CURTAIN WALL. 


In Fig. 6, suppose B C to be the proper length 
of percolation, i. e., equal to c x H; then the 
hydraulic gradient will be A C and the area 
4 B C will represent the head acting on the 
floor B C. If the distance D C’, measured from 
the toe of the drop wall, be made equal to the 
minimum length of apron, or 


| Hy, 
4c¢ \V— 

13 
it is clearly of advantage to stop the fore apron 
short at this point and make up the required 
length of enforced percolation by inserting the 
rear apron B B’, the length D B’ being made 
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FIG. 7. GRANITE REEF WEIR, SALT RIVER PROJECT, U. S. 
RECLAMATION SERVICE, AS BUILT. 


equal to C’ C. The incidence of the head of 
water is then thrown back from A to A’. This 
arrangement substitutes a length of inexpensive 
clay apron for one of solid masonry and further 
as is shown by the area A’ B’ C’, the hydraulic 
lifting pressure on the drop wall and fore apron 
is very largely reduced. 

Beyond this impervious solid apron, a contin- 


uation of riprap is necessary. The width of the 


As 1 ft. of head is neutralized in every length 
equal to the percolation factor ¢, it is convenient 
to have all longitudinal dimensions of the apron 
multiples of ¢. 

A design of a section under the actual condi- 
tions of head and river sand existing at Narora, 
rig. 10, excluding the weir crest shutters, is ex- 
emplified in Fig. 7. The width of the fore apron 
will be 


te \ = 3% C nearly. 
13 

and the total required value of lI being 10¢, or 
150 ft., the difference of 6%c¢ is made up by as- 

signing 4¢ to the rear 
aS SSS apron and 240 to the ver- 
S tical curtain, which dis- 
- tribution is variable at 
pleasure. 

The thickness ¢t of the 
fore apron must be 
I such that the _ effective 
weight exceeds that of 
the upward hydrostatic 
pressure. The weight can 
be represented by the thickness multiplied by the 
specific gravity or by t p. At the ime time 
the opposing hydrostatic pressure is represented 
by (H —h), h I/e being the head neutralized 
up to the point in question. I: 
w, the unit weight of water, is omitted as a com- 
mon factor; thus pressure is represented by the 
head and weight by thickness xX specific gravity 
When the apron is immersed below low water 


both expressions 
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its weight will be 
t (p — 1). 
The weight 


represented not by ¢t p but by 


should, it is considered be one-third 


in excess of actual requirements and the thick- 
ness will then be 
4 H—h 
t=— ——- 
3 p ] 
In Fig. 7 the value of H h, at the toe of the 
drop wall, where the fore apron commences, is 
10 O% 5% ft., and assuming a value for 
+ 3% 
p of 2, the thickness will be , - 425 ft. 
3 1 
The profile of the fore apron should be trape- 
zoidal in outline, tapering towards the end, so as 


to correspond in some measure with the progres- 


sive diminution of the water pressure. The end 
thickness will be made 38 ft., which is about a 
minimum. The hydrostatic pressure area is 
shown hatched above the 
uoor line. The rear 
apron is made 5 ft. thick, 
foliowing precedent, and 
is composed of wet pee 
clay overlaid by rip- 
rap The talus of riprap 
is made 4 ft. thick; in 
many cases in actual 
practice its thickness is 
> ft. 
It may be noted here that any extension of the 


impervious fore the actual 
the to be deprecated as increas- 
ing the hydrostatic pressure on the work. 
Where a_ boulder the 
apron can be leaving spaces 
the blocks of concrete of which the 
built. This, however, will necessitate 
a corresponding increase in the length of the rear 
apron to compensate for the reduction in the 
length of enforced percolation, so that 
it is of doubtful utility. With a sand foundation 


apron beyond neces- 


sities of case is 


bed is concerned fore 


made pervious by 
between 


floor can be 


effective 


such a construction would not be practicable, as 
open 


the sand would be carried through the 


spaces and the floor undermined. 
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FIG. 9. NARRORA WEIR AS ORIGINALLY BUILT. 


An 


open floor as described was constructed in 
connection with the Granite Reef weir (Fig. 8) 
over the Salt River, already noted in Engineering 


News,* although it is considered that this design 
could be improved upon by adopting a clay rear 


apron and thickening the blocks of the floor from 


1% to 2% ft., and lengthening the latter; this 
will admit of the profile of the weir wall being 
reduced, The hydraulic gradient in this alter- 
native section (Fig. 9) is increased to 1 in 6, 


originally it is about 1 in 4. 


The value of the rear apron as an inexpensive 


means of reducing hydrostatic pressure on the 

weir wall and its floor and also of providing 

length of enforced percolation is now fully recog- 
iPier 
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FIG. 8. GRANITE REEF WeIR 





ference of level of the 
low water level, which is 
the relative height of the floor. 


are provided 


permanent weir crest 
not affected by 


Most weir crests 


a bove 


with collapsible crest shutters now 
often made of considerable depth from 3 to 6 ft. 
This enables the permanent weir crest to be kept 
low and thus offer much obstruction to 
floods. The shutters increase the statical head, the 
maximum being at a time when the up-stream 
water is at shutter crest level, the down-stream 
Fig. 7, if 3-ft. shutters 
were adopted, the value of / would be increased 
from 10¢ to 13c, or to 18 x 15 195 ft. This would 
involve rear aprons and deeper 
second vertical curtain could 
be provided at the termination of the apron. 

A step would then occur in the water 
outline at the end, demonstrating a corre- 
sponding increase in the hydrostatic pressure on 
the floor throughout. The 


less 


channel being empty. In 


longer fore and 


curtain walls or a 
pres- 
sure 


terminal curtain is 
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AS PROPOSED BY MR. BLIGH. 


more required for protective purposes in case of 
failure of the talus, for which it could 
well be made pervious, so as the 
hydrostatic status behind it. 

Fig. 10 is a section of the Narrora weir on the 
Ganges River (the failure of which forms so valu- 
originally constructed. The 
hydraulic gradient works out to 1 in 11, or prob- 
ably steeper owing to the fore curtain, composed 
of circular undersunk wells connected with piling, 


purpose 


not to affect 


able a lesson) as 


not being absolutely impervious. At this gra- 
dient the work stood for 20 years, but was al- 
ways in a state of unstable equilibrium. The 
hydrostatic pressure area shows a great defici- 
ency in the area of the floor, which must have 


as is proved in both this and the previous case 
may last for some years failure actually 
takes place. The renewal was on the same lines 
viz., by extension of the 
The hydraulic gradient, on failure, low 
as 1 in 838 and the present value is 1 in 16. 
Other instances can be cited in corroboration of 
the fact that the percolation factor of this class 


before 


as before, rear apron. 


Was as 


of light sand cannot be of less value than that 
of 15, which is adopted. Having assigned this 
value for Class B, that of Class C is placed at 
» 


2, while that of Class A is at 18. 
latter value is attested by 
amples of Egyptian works. 


The correct- 


ness of several ex- 


Fig. 12 illustrates the apron built for strength- 
ening the old Nile Delta Barrage, or open dam 
By means of this rear apron and the cement 


grouting, under pressure, of the old floor, the bar- 
rage was enabled to uphold a head of 14 ft. of 
water, whereas previous to the construction of 
the apron the work was quite incapable of any 


service, and was useless for the very purpose 
for which it had been designed. 


The value of 1 in Fig. 12, is horizontal, 238, 
vertical, 50, total 288 ft., the percolation factor 
will therefore be 288 -- 14, or 20 nearly. 

In the Zifta Regulator, Fig. 13, the horizontal 
component is 45.50 meters and the vertical, in- 
cluding everything, 21 meters, giving a total of 


65.50 meters. The head being 4 meters, the 
value of ¢ will work out to be 65.50 + 4 16.4. 
In the Assiut Regulator, the horizontal com- 


ponent of the length of enforced percolation is 
51.50 meters, the vertical 22 meters, total 73.50: 


with a head of 3% meters the value of ¢€ will 
then be 21. In designing the older works it is 
probable that the thickness or depth of the 


foundation, situated above the sheet piling, was 


not included in the count as it strictly should 
be; if this item were omitted, the value of ¢ in 
this case would be reduced to very near that of 
18, which has been adopted for this class of 
sand. 

Several instances can also be adduced in sup- 
port of the value of 12, ddopted for ordinary 
coarse sand. As regards boulders and boulders 








FIG. 


been in a high state of tension. 
the final catastrophe, 
that the floor was entirely undermined 
and was only held up or supported against col- 
lapse by the hydrostatic pressure. 

After a heavy freshet in the river in 
the rear apron was washed clean 
draulic gradient fell to 1 in 9.5, 
floor was up. 

The shown in Fig. 11, consisted first 
In the lengthening of the rear apron to 80 ft.; 


Shortly before 
borings revealed the fact 


then 


which 
the hy- 
the whole 


out, 
and 
blown 
repairs, 


the weir floor was built somewhat thinner and t x p. 
of heavier material and was further strength- 

ened by a mass of concrete above the original 

floor level. The length of the impervious fore 
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10. NARRORA WEIR AS RECONSTRUCTED. 


mixed with gravel and sand, there are no ex- 
amples of failures and the values assigned will 


vary from 9 to 4, the example of the Salt River 
weir (Fig. S) forming a valuable precedent. 

In the above given examples, the head, sym- 
bolized by H, always represents the difference of 
levels above and below the work. When the fore 
apron is immersed below low water level, the 
part thus affected is considered to have lost 
weight or specific gravity, its weight will there- 
fore be represented by ft (p — 1) and not by 
When the foundation of the apron lies 
above low water level, the external head causing 
hydrostatic pressure on the will be less 
than H, since, owing to the porosity of the sub- 


base 
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nized, and all recent weirs on porous foundations 
are provided with rear aprons. 

In some overfall weirs the fore apron is raised 
above low water level in order to avoid wet con- 
the then will slope down to that 
level or to below it. In these the width 
of the apron will be less than before, H, in the 
formula being the height of shutter crest above 
the floor, that of the talus will, however, be un- 
altered as in that formula H, represents the dif 


struction; talus 


eases 


*Qct. 1 1908, p. 366; Jan 1909, p. 1 


apron was reduced below what it was originally 
in Fig. 10. The value of the percolation factor, 
increased in the renewed section from 9.5 
to 15.7, at which the safety of the work is as- 
sured. 

A further 
Chenab 


Cc, 18 


lesson is 
built on 
sand as the previous example. 


object 
River weir 


provided by the 
the same class of 
After existing in 


a state of insecurity for some years, the floor 
finally collapsed by undermining. This under- 
mining by “piping” is a gradual process, and 


stratum, the water will rise up to the impervious 
base. The weight of the apron will in this case 
be unimpaired by flotation and will be represented 
by t x p. The required length of travel of per- 
colation, however, cannot be reduced below c H, 
which length must be provided irrespective of the 
level of the impervious floor. 


There further exists a large class’. of 
weirs composed almost entirely of porous 
rock fill which will require separate, investi- 
gation. 
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An Automatic Sluice Gate to Ensure 


Censtant Water Level. 
LAUCHLI.* 

In Europe there has been in operation for some 
time a type automatic dam or 
on account of its simplicity 
to existing 
treatment, 
‘essful operation, 
tion of the 
the design of 
works. Fig. 1 shows a 
of one of the 
eourse of construction, 
Fig. 2 an idea 
of the type which 
Operation for several seasons, 


sy E. 
of sluice gate 
of construc- 
structures, exact 
its suc- 
the atten- 
connected with 
plants irrigation 
and front 
mentioned dams 
and the view in 
small automatic dam 
been in successful 
including a severe 
winter, and during high spring floods. 

Briefly the 


movabdle 


which 
tion, adaptability 
mathematical and especially 
deserves to attract 
hydraulic engineer 
hydro-electric or 
cross-section 
elevation above 
now in 
gives of a 


same has 


stated, automatic dam is com- 
part panel, resting at the 
bottom on a knife edge, and fastened at the top 


to a compensating roller made of steel plate and 


posed of a or 


filled with concrete. This roller moves along a 
track located at each of its ends, and is so de- 
signed as to take, at any height of water up- 


stream, a position such as will give the apron the 
inclination necessary for discharging a known 
amount of water, and in so doing will keep the 


upper pool at a constant fixed elevation. si 
With the roller at its highest position the panel 

lies horizontally, and the full section is then 

available for discharging water. Any debris, 


such ete., will pass over 
the dam without any difficulty, even during ex- 
floods, the compensating roller 
cated high above extreme flood level. 


The dam now in course of construction is located 


as trees, or ice cakes, 


cessive as is !o- 


on the river Grafenauer Ohe, in Bavaria, and will 
regulate the water level at the intake of a paper 
mill, located at distance from the power- 
house. The dam has a panel 24.27 ft. long, 6.85 
ft. high and during normal water level will dis- 
charge 1,400 cu. ft. per sec., while at flood time 
it will pass 3,550 cu. ft. per sec. of water. As 
shown in Fig. 1, the main body of the dam is 


some 


made of a wooden plank construction laid on a 
steel frame The panel is connected with the 
compensating roller at 
each end by a= flexible 
steel cable wound around 
the roller end, and then AO 
fastened at the upper j 
part of the roller track 





Vertical S 


VIEW OF SMALL AUTOMATIC 


ection 


FIG. 2. 


to an eyebolt. A simple form of roof construc- 


tion protects the roller track from rain and 
snow. The panel is made watertight at each 
extremity by means of galvanized sheet iron 


held tight against the abutments by water pres- 
sure. This type of construction has so far 
proved to be very effective as to watertightness. 

It may be needless to point out that this type 
of dam can also be fitted to the crest of over- 
flow dam of ordinary cross-section, and then ful- 
fill the duty of movable flashboards. 





*Civil E and Hydraulic Engineer, 
City. 


2 Wall St., New York 
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Some Thermal Properties of Concrete.” 
By CHARLES L. NORTON.} 

During the last three years a series of 

been carried 

of the 


experiments have 
Heat Measurements 


Technology, for 


on in the Laboratory of 


Massachusetts Institute of having 


their object the study of those physical properties of 
Portland cement concrete which affect its value as a fire 
resistant material While these researches are by no 
means complete, it is perhaps of interest at this time 
to discuss some of the results obtained 

It was proposed at the outset to make a study of the 
various physical properties of concrete over as wide 





FIG. 1. 
RIVER, BAVARIA. 


range of temperatures as_ possible, and among those 


selected were the 
1. Coefficient of 
2. Diminution of 
heat 


following: 
linear expansion 


mechanical strength after heating 


3. Specific 




















f The coefficient of thermal conductivity 
The measurements of the coefficient of linear expan 
sion are practically complete, but the uncertainty attach- 
ing to some of the high temperature values, though 
slight, makes it seem wise not to report in detail until 
one or two check measure- 
| - ments can be made. This un- 
certainty arises from the 
great difficulty which attends 
the measurements of the tem- 
perature of the interior of a 
large block of cement con- 
crete so as to be sure of its 
Te absolute uniformity at high 
temperature Thermal junc 
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DAM OF THE TYPE SHOWN IN FIG. 1. 


three inches 


the 


tions embedded 
from 


in, the block at distances of 
another 


one are not sufficiently close to give 


desired precision 
The method adopted 
caused 


for the measurements of the elon- 
heating the 


The specimens in the shape of 6-in 


gation by was common so-called 


‘telescope’ method. 
or 10-in. cubes were slowly heated in a double gas muffle 
or an electric furnace 
furnace and number in the 
taken by platinum-rhodium couples 


resistance 


of a of points concrete was 


means of 
*Paper presented to the Annual Convention of the Na 
tional Association of Cement Users, N. Y., Dec. 12-17, 
1910. 
+Associate Professor of Heat 
chusetts Institute of Technology, 


Measurement, Massa 


3oston, Mass 


The temperature of the 











Near the lace were mounted two telescopes which 
might be ited through holes in the furnace wall upon 
reference points on the surface of the block At low 
temperatures an ar ght and a system of mirrors were 
used to furnish adequate illumination One of the tele- 
scopes was provided with a micrometer eye piece by 
means of which a movement of the reference mark of 
OOl-in. could be measured 

The value obtained at low temperatures agree very 
well with the commonly accepted value of 0.0000055 for 
the elongation per unit of length per degree Fahrenheit 
Apparently this value increases slightly up to 575° F 
Above th point the coefficient become maller a 

100° F the coetficient be 
comes zero, and 

point lightly 

ooling the blo 


been heated 











DETAILS OF AUTOMATIC DAM ON GRAFENAUER OHE cu. ft 


did not return 
zinal dimension hel per 
manent elongation bein 
about 75 of their max 
mum eiongatio oO 1 con 
heating the specimer ull 1 
turned to th ni dimer 
or here be ) 
ible permanent 
ulting fro ‘ ond 
heating 
All of th pe nen te 
ed for expa wer o 
tone concrete ) the pro 
portions 1:2:5 The stone 
wa clean the sand sharp 
the cement o g00d) =qual 
ity, and ery precaution 
was taken to secure a con 
crete of the first order. 
The specime weighed on 
the average 150° Ib per 
In order to study the effect 





of high temperatures upon 
the ompression strength of concrete several s cron o 
6-in. cubes were made and allowed to set for 9) days 
or slightly longer ‘hese blocks were then heated for 
lifferent lengths of time at different temperatures in a 














gas furnace similar to that used for the expansion experi 
ments. 

The cubes which were not heated showed an average 
ompression strength of 2,700 Ib pen sq Those 
which were heated to 932° for two hours lost only 15% 
of their original strength, and when this temperature 
was prolonged for four hours the loss ‘was 43% If the 
blocks were heated to 1,500° for two hours the loss of 
compressive strength was 38% and at the end of four 
hours the loss was 66% rhe most important informa 
tion secured from these tests was to the effect that even 
after exposure to a fire in which the concrete block, small 






in size, was subjected to flames at a temperature of 
1,500° for two hours, it was still able to carry twice its 
normal safe load in compression. The larger beams with 
their great masses are not often exposed for so long a 
time to so, great a hazard 











It should be noted, however, that there was a consid- 
erably greater deformation under load of the heated 
blocks than of those not heated 

A large number of small beams were next made, some 
with and some without reinforcement; most of. these were 
either 6 « 6 {8 ins. or 8 S iS The specimens 
which were reinforced contained four %4-in. round steel] 
rods situated near the corners, equidistant from the two 
faces of the beam. In some the distance from the steel 
to the face of the beam was 1 In others 1% ins ind 
a few beams had a 2-in. protection to the stee No 
many of these specimens have been tested as yet, bu 
from a few, we are able to get a general idea of what 
1appens to beams of this type ise of exposure to fire 

A set of three bean for instance, each 6 x 6 48 
in whi the reinforcing rods were l-in. from the face 
of the beams were broken by center load, the first bean 
not having been heated at all, the econd heated for 
one hour in a fire that fused the surface of the concrete 
and the third being similarly heated for two hours The 
beam which was not heated broke under a load of 5,700 

the second, heated for one hour, broke at 2,750 
bs., while the third, heated for two hours, broke at 
1.950 Ibs It should be borne in mind that these smal 
beams were so slow in cooling down that they were in 
effect heated much longer than the time mentioned. ‘Ths 
flames, moreover urrounded the bean 

Several similar tes were made w 
the same dimensions, 6 6 48 ir 
ment These were heated for two 
1,700° F After this exposure all 


very frail, not one of them showed a 








ing, however It was not considered 

any of these beams, as it was apparent 

on the tension side of the beam was much weakened 
Some of the more recent experi! made on beams 
8 x 8 48 ins. show that these larger beams are much 
less weakened, proportionally, as would be expected to 


be the case 








712 


A series of similar 
inder concrete, the 
1 :2:5. A 


ders, 


beams were next 
proportions of the 
of these were mixed with clean cin- 
showed upon analysis but little carbon; 
part was mixed with cinders to which 10% 
bituminous coal had been added and the other 
beams were mixed with cinder to which had been added 
20% of fine coal. The 25% mixture can be disposed of in 
a word. When once thoroughly heated it burned until 
it fell to pieces. With the 10% mixture, however, no 
such action occurred; there was no indication that 
the concrete would support its own combustion even for 
a short time. It was apparent that the 10% mix- 
ture not so good a fire-resisting materia] ag that 
which contained no added carbon From the tew speci- 
containing than 10% which have been ex- 
amined up to the present, it seems probable that the 
safe limit is close to 5%. More data are now being se- 
cured on this point. 

The study of the specific heat of concrete was made by 
the ordinary calorimeter method, the ‘‘method of mix- 
tures’’ of Regnault. Specimens of the concrete, usually 
fragments of the larger test pieces, were heated slowly 
in an electric resistance furnace to the desired tempera- 
ture and then into the calorimeter. The weight 
of the water and its rise in temperature give the amount 
of heat given off by the body in cooling 

Extraordinary precautions were taken in getting the 
average temperature of the specimen in the fur- 
uace, and to ensure its rapid transfer to other calorimeter. 
In most of the experiments a double calorimeter was 
used so that the specimen did not come in contact with 
the water of the calorimeter, so that any evolution cf 


made up of 
mixture being 
portion 
which 
ond 
of fine 


a se 


was 


mens less 


plunged 


exact 


heat by hydration of the cement was avoided. The fol- 
lowing table gives the specific heat of concrete: 
SPECIFIC HEAT. 

Stone Stone Cinder 

Temperature concrete. concrete. concrete 
1:2:5 1:2:4 1:2:4 
0.156 0.154 nab aie 
9.192 O.190 0.180 
0.201 0.210 V.2U06 
0.219 0.218 





0.214 
The measurements of thermal conductivity were made 
number of methods and have taken far more time 
and energy than all the others put together. The ther- 
conductivity is that property which determines 
rapidly heat will travel through a substance and 
how rapidly therefore objects beyond will be heated ov 


by a 


mal 
how 


transmission. The conductivity becomes of prime im- 
portance of all questions of protection of the steel in 
reinforced-concrete buildings. There are very few data 


to be found as to this important property of any of the 
common materials of engineering and such data as is to 
be found are not at all concordant. As to the conduc- 
tivity of concrete or its variation with temperature and 
with composition, practically nothing has been known. 

The methods adopted for the measurement will be de- 
scribed in full in papers now being submitted to one of 
the scientific for publication and it probably 
will not be of interest here to more than outline them. 

The formula showing the relation of the temperature 
upon the two sides of a plate to the amount of heat 
which would flow through it is as follows: 

K (i —t) 8 A 


societies 





Qq=-—_—_— -— 
d 
or 
Qd 

kK = — -————- 

(t; — te) A 8 
where re 

K = the coefficient of thermal conductivity de- 
pendent upon the nature of the material 
and its temperature 

Q = the quantity of heat flowing through the 
plate in the area measured. 

A = the area. 

t; = the temperature of the hotter side of the 
plate. 

t. = the temperature of the cooler side of the 
plate. 

d = the thickness of the plate. 

8 — the time during which Q units flow through 
the area A. 

The formula will be seen to be merely an expression 


of the following relations, that the flow of heat is pro- 
portional to the area, to the temperature, and the time, 
and that it is inversely proportional to the thickness. 
After spending many months in aevcloping other meth- 
ds the electrical method used »y tae writer for the pas: 
15 years in studying the flow of het through steam pive 
overings was adopted. The value Q of the heat flow- 
ing was determined by supplying the heat by means of 


the heating of a conductor carrying a current of elec- 


tricity. }y measuring the electrical energy supplied the 
quantity of heat developed may be known with great 
precision. Further, if this heat is passed through the 


plate under test and into a calorimeter on the far side, a 
check upon the value Q may be had. For the determina- 
tion of the temperature difference thermal couples, plati- 
resistance thermometers, and mercury thermometers were 
used, but thermal junctions made of thin strips of cop- 
per and nickel or of platinum and platinum-rhodium were 
venerally found most serviceable. 

The apparatus used for the lower temperatures consisted 
of a thin, electrically-heated plate to the two sides and 
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edges of which concrete could be applied. 
concrete there then placed 
plates which could be kept at 
an internal 
were 


Outside of the 
heavy copper or brass 
a constant temperature by 
water Thermal junctions 
placed at several points on each surface of each 
plate. The electrical input was measured by 
calibrated Weston instruments, the calibrated thermal 
junctions ! value of the temperature difference 
to the nearest one one-hundredth of a degree. For the 
thickness, numerous measurements were made by a pair 
of flat-nosed calipers and averaged. 

It was to keep this apparatus running for 
several days before it could be balanced, that is, before 
the rate of flow of heat outward through the plates be- 
came constant and equal to the electrical input. The 
number of measurements has now reached many hun- 
dreds, and it seems apparent that the precision of the 
method depends on the accuracy with which the thick- 
ness of the specimens can be maintained constant. Other- 
wise the accuracy is better than 1%. This apparatus has 
been named by my assistants the ‘‘flat-plate tester’’ and 
perhaps it is well to so designate it 

Later, in order to 
some of the walls in 


was 
circulation of 
concrete 


gave the 


necessary 


here. 

make tests on plates as thick as 
common use, another method was 
adopted. Cubical boxes 36 ins. in outside dimension 
were built with walls of several thicknesses. Inside the 
boxes were placed electric heaters which served to raise 
the inside surface to a temperature above that of the 
surroundings. A small fan served to keep the air in the 
box stirred to insure uniformity of temperature through- 
out. The boxes were tightly sealed. The power sup- 
plied to both heater and fan was measured as before. 
Mercury thermometers and thermal junctions, as well as 
a Callender recording resistance thermometer were used 
to measure the difference in the temperatures inside and 
outside of the box. Data have been secured on scores 
of specimens and they are practically identical with the 
results obtained by the flat-plate tester. 

For the high temperatures a modification of the entire 
was found necessary. The concrete to be tested 
was cast in the form of a cylinder on the outer surface 
of and concentric with a steel bar which could be heated 
to a high temperature by the passage of a heavy current. 
Outside of the cylinder of concrete was applied a closely 
fitting ‘‘continuous’ The temperature of the 
bar and of the calorimeter measured by thermal 
junctions, and the amount of water and its rise in tem- 
perature gave the value of Q. 

In order to guard against the uncertainty of the tem- 
perature at the ends of the bar, the calorimeter was made 
so as to enclose only about one-half the length of the 
bar, the rest being covered by guard rings similar to the 
calorimeter but 
ment of the quantity of water. 

The heating of the required a considerable 
amount of apparatus, since it was necessary to 
provide a current of upwards of 2,000 amp. for the high 


process 


calorimeter. 
were 


without any provision for the measure- 
bars 


special 


temperatures, and to be able to vary its amount to any 
desired value below that point. For this purpose there 
were installed three 15-KW. transformers connected on 


the primary side with a three-phase, 2,3800-volt circuit. 
By means of divided secondaries and a rather elaborate 
arrangement of switches, the secondary voltage could be 
varied from 190 volts down to 55 volts. This secondary 
voltage was applied to the primary of a second step- 
down transformer, whose secondary was divided into 
twenty coils. By means of a switchboard the entire out- 
put of the transformer could be had at almost any de- 
sired low voltage This enables us to heat bars insu- 
lated by materials of different composition and of dif- 
ferent thicknesses to any desired temperature up to 2,800 
F. With this arrangement both the steel and the con- 
‘rete can easily be melted. 
The results obtained are tabulated below. It is to be 
regretted that there is no uniformity of practice as to 
the units to be adopted in reporting the measure of 
effectiveness of insulators. While the physicist renders 
his report in calories per square centimeter, per centi- 
meter thickness, per 1° C. per second, the steam engineer 
confines his observations to B. T. U. per hour per sq. 
ft., per in. of thickness, per 1° F. and the refrigerating 
engineer reports on the basis of a 24-hour time unit. I 
terms of hogsheads of water 
time not stated 


have even seen a report in 
raised to the boiling point, 
CONDUCTIVITY OF CONCRETE. 


Coefficient 


THERMAL 











Temperature Calories Coefficient 
of hot side per 1° C. per B.T.U. per 1° F. 
of plate Mixture sq. cm. per per sq. ft. perin 
C. F cm. per sec... thick per 24h 
35 95° Stone 1:2:5 00216 150. 
nO 122 Stone 1:2:4 
not tamped .00110 to .00160 76. to 114 
50° Cinder 1:2:4 00081 56. 
200 Stone 1:2:4 0021 146. 
400° Stone 1:2:4 0022 153. 
500 Stone 1:2:4 0023 160. 
1,000° 1,832 Stone 1:2:4 0027 188. 
1,100° 2,012 Stone 1:2:4 0029 202. 
A brief comparison of these values with those for 
other materials may be interesting. 


The specific heat of concrete is slightly less than that 
of either red brick or fire brick, hence the same amount 
of heat needed to raise the temperature of a pound of 
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eee 


brick is about 10% more than for a pound of concrete. 
But the density of concrete is enough greater than that 
of brick to raise the heat capacity of a cubic foot of con- 
crete above that of brick. The difference is not large, 
however. 

While the expansion data are not complete, it seems clear 
that for a time after the beginning of exposure to fire 
the concrete and its reinforcement will expand at much 
the same rate, but that the further expansion of the sur- 
face will not proceed at so rapid a rate. This will tend 
to reduce the stresses which the expansion of the heated 
surface would otherwise set up in the cooler interior. It 
is perhaps because of the failure of the concrete to return 
to its original dimensions that the small amount of sur- 
face cracking found after a fire is due. 

The experiments made with coal and 
indicate the necessity of added care in 
cinders for this purpose. 

The tables of thermal conductivities give us data as to 
the rate at which heat will travel through concrete. It 
is interesting to note the great difference between the 
tamped and the untamped concretes made from stone. The 
one was as porous as possible, and the other as dense. 
One transmits nearly twice as much heat as the other. 
The cinder concrete, as is commonly believed, is much 
better as a heat insulator than the stone concrete, being 
nearly three times as effective as the deaser stone con- 
crete in retarding the flow of heat. It may be inter- 
esting to call attention to the heat insulation afforded 
by other materials. The best of the commercial articles 
used for this purpose is compressed cork, which is nearly 
25 times as effective as stone Steel, on the 
other hand, transmits heat 100 times as fast 
as the densest 


cinder mixtures 
the selection of 


concrete. 
from 75 to 
of the stone concrete 





A Large Wire Rope of Unusual Construction 
for a Cable Incline of the Mayari 
R. R., Cuba. 


By FRANK W. BUNN,* M. Am. Soc. M. E. 


A wire rope of exceptional type has been re- 
cently made for use upon a double-track cable 
incline forming a part of the Mayari R. R. This 
railroad was built by the Spanish-American Iron 
Co. for transporting iron ore from the top of 
Mayari Mountain to Felton terminal on the north 
coast of Cuba, a total distance of some 17 miles. 
The main haulage rope to be used upon the 
incline is 3 ins. in diameter, 7,810 ft. long and 
weighs 123,360 lbs. It is composed of an inde- 
pendent wire rope center 13% in. in diameter, made 
of six strands of 19 wires each twisted around 
a hemp core. Six other strands of 19 wires 
each are twisted around this center. 

This construction is without precedent in the 
manufacture of so thick a rope. The diameters 
of drums and sheaves over which a rope runs are 
generally such that, in cases where it is proposed 
to employ a rope of unusually large diameter, 
it is necessary for the sake of pliability to ma- 


terially increase the number of wires in each 
strand. Where the sizes of drums and sheaves 
have not been controlling in this respect, the 


great difficulty of: drawing strong thick wires that 
will readily twist into rope has prevented the use 
of the standard construction. 

The operating machinery of the Mayari R. R. 
planes consists of a pair of drums, 20 ft. in 
diameter, between which, and meshing with gears 
on the drums, is a pinion 58% ins. in diameter, 
carried on the crank shaft of a doubie 30 x 30-in., 
vertical engine. After three turns on the drums, 
the cable passes back to a reversing sheave alse 
20 ft. in diameter and thence forward to the 
second track. At the top, where the track 
drops off from a slight approach grade through 
a rather sharp vertical curve into the maximum 
grade, there are three vertical guide sheaves, 
the first 16 ft. in diameter and two others 8 ft. 
in diameter. With this equipment, it is not neces- 
sary to abide by the usual limitation placed by 
drums and sheaves upon the construction of haul- 
age rope and it was decided to obtain if possible 
the advantage to be derived from the superior 
resistance of tough thick wires to abrasion. An 
order was therefore placed for a rope 8 ins, in 
diameter of the construction known as standard 
hoisting rope (six strands of 19 wires each and 
a hemp center) except that, instead of twisting 
the six strands about a hemp center, the center 


*Engineering Department, John A. Roebling’s Sons Co., 
Trenton, N. J. 
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was to be formed of an independent wire rope, 
as already noted. 

The production of the wire for the rope center 
did not call for any unusual effort, but to make 
the wires for the outer strands was a task of 
great difficulty. These wires range from .175 to 
.225 in. in diameter, and were required to have, 
in a combination not heretofore attained in such 
sizes, strengths equal per square inch to those 
of finer wires used in rope making, and to possess 
at the same time sufficient pliability to be readily 
twisted in the stranding machines. Until re- 
cently it has been thought impossible to produce 
wire of these sizes which would possess through- 
out the uniform quality necessary for rope wire, 
but improved processes in the heat treatment of 
steel have made it possible to obtain the desired 
uniformity. The wires were drawn from a high 
grade of plow steel and before being placed in 
the stranding machines were tested by taking 
sample lengths from each end of each coil. These 
samples were subjected to tests in bending, tor- 
sion and direct tension. 

When the rope was completed, the manufac- 
turers were confronted with the problem of load- 
ing it for shipment from the factory and re-load- 
ing on a vessel in New York. The weight of the 
rope was much great to allow the reel on 
which it was coiled, in making, to be loaded on 
a single car. It therefore became necessary to 
load on two cars, and to facilitate reloading on 


too 


25.13% connected by easy vertical curves. Start- 
ing at the top the contour is about as follows: 


Pe teccnnudwedse aus 25.13% grade 
AD err 17% grade 
Pie Sic henweasaewcns 6% grade. 
Se Mies ck eebedacauee 25% grade. 

WE Bie occbkéeeeesics vertical curve. 


6,716 ft. total length. 

The ore is carried in a special type of steel car 
weighing about 41,600 lbs. with a 
50 gross tons or 112,000 lbs. The incline ma- 
chinery is designed to three loaded cars, 
whose total maximum would £60,800 
lbs. The maximum stress on the cable occurs 
when the are at the bottom of the 
grade entering the final vertical curve. At this 
point, there would be 6,503 ft. of cable payed out 
weighing, at 15.8 lbs. per ft., 102,747 Ibs. 

The combined weight of cars and cable would 
be 563,547 lIbs., or 282 net tons. The load 
the cable per net ton on a 25% grade would be 
534 lbs. Assuming then that all the cable payed 
out in this case is on 25% grade as well as the 
cars, the total maximum the 
282 534 150,588 lbs. 

For the it is intended to 
two loaded per trip, producing 
strain on cable of 109,470 lbs. The inclines were 
designed to operate at a speed of 15 mi. per hr. 

All the machinery for this plane was furnished 
by the Nordberg Manufacturing Co., of Milwau- 
kee, Wisconsin. The wires for making the rope 


capacity of 


marry 
weight be 


cars 20% 


on 


load on cable is 
present 


cars 


carry only 
maximum 





7810 FT. OF 3-IN. WIRE ROPE WOUND ON THREE REELS FOR LOADING ON TWO 
FLAT CARS. 


(The rope weighs 123,360 


the rope’s length, had to be distributed on three 
reels. 

This was done by mounting an empty reel about 
2UU ft. from the main reel, and revolving this reel 
until it had taken from the main reel one-half 
the length. The reel was then moved 
and another empty reel put in its place. The 
rope was looped around this reel in such a way 
that when it revolved it rope in equal 
lengths from both the and the secondary 


roy e's 


took 


main 


reels. This was continued until one-third of the 
rope was wound on each of the reels. The 
largest of these reels was 10 ft. high by 9% ft. 
wide. The other two were 8% ft. high, one 
being 8 ft. 10 ins. and the other 7 ft. 2 ins. 
wide. The three reels were loaded with the 


part of the rope between them coiled on the bot- 
tom of the cars, as shown in the accompanying 
illustration. The reels were lifted off the cars 
at the dock in New York and loaded on a steamer 
of the Munson Line for shipment to Cuba. 

The incline on which the rope is used is of 
the tail-rope type, in which empty cars going up 
act as a partial counterbalance those com- 
ing down. The cable is carried throughout the 
length of the incline on rollers, made of tropical 
hard wood, the axles for which run in half bear- 
ings also made of hard wood. At each end of 
the haulage cable is placed a ‘‘barney”’ of cast 
steel with a bumper supported by suitable 
springs to relieve the cable of shocks. The tail 
rope connecting the lower ends of the “barneys,” 
through a sheave 14 ft. in diameter mounted on 
a tension carriage, is a 1% in. diameter, hemp- 


for 


center wire cable. The contour of incline con- 
sists of a series of grades varying from 6% to 








lbs., 


exceeding the capacity of one car.) 


were drawn and stranded into rope at the works 
of John A. Roebling’s Sons Co., at Trenton, N. J 
The steel from which the wires were drawn 
made at the same company’s works at 
N. J. 


Was 
Roebling, 


ee 


Needle Jets of Superheated Steam to Pre- 
vent Smoke: the Luckenbach Boiler 
Furnace. 


The use of steam jets in connection with steam 
boiler furnaces is almost as old as steam engi- 
neering itself. Such jets have usually been 
applied to furnish additional draft, the force of 


the escaping steam being used to blow air into 
the ash-pit or over the fire. An incidental and 
very important advantage of the use of steam 


jets in the ash-pit is the cooling effect on the fire- 
bed, which hinders the formation of clinker. 
Some of the best Known systems for burning 
low-grade fuels depend for their success chiefly 
on the use of the steam jet to keep down the 
temperature of the fuel-bed, although, of course, 
the extra draft furnished is of great advantags 
in forcing the necessary amount of air 
the and through the 
the particles of burning fuel. 

A steam jet system known as the Luckenbach 
system has been introduced recently to a con- 
siderable extent in Chicago and vicinity for the 
purpose of promoting complete combustion (with 
inferior bituminous coal) and thus preventing 
smoke, although considerable fuel economy is also 
claimed for the system. In the Luckenbach sys- 
which is illustrated herewith, 


through 


grates interstices between 


tem, the steam is 


highly superheated and issues 
from orifices located in the 
little distance above the fire 


as fine needle jets 
furnace walls at a 
The of these 
jets, issuing from opposite sides of the furnace at 


etlect 


high velocity, is to thoroughly mix the combusti- 
ble gases rising from the coal with the oxygen 
of the air This thorough mixing is well under 
4 L 
) epee a" 
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Fig. 1. Plan and Elevation of Horizontal Boiler 


With Luckenbach Steam Jet Attachments. 


stood to be one of the most 
in securing rapid and complete 

The steam is taken from the 
and led to a heavy casting built 
wall. In this casting is 
coil through which 


to the jets. A 


important features 
combustion. 

dome of the boiler 
into the bridge 
formed a double pipe 
the ste on its way 
valve in the 


im passes 


supply pipe is con- 
nected to a mechanism operated by the fire door, 
so that the valve is opened at the same time 
with the fire door and is automatically closed at 
a certain interval after the fire door has been 
closed. Thus the jets are operated during the 
time when the fresh coal thrown on the fire is 
giving off a large volume of gases which would 
appear as smoke if not consumed. After the 
fire is bright, and there is no further need for 
the mixing action, the steam valve is closed. 
In the accompanying cuts, Fig. 1 shows the 


apparatus in diagram form as attached to a hori- 


zontal boiler, and Fig. 2 shows the details of 
the blowing nozzle used. It will be seen from 
the drawing of the nozzle that the steam issues 


flaring 
and 


from a opening which 

the jet thorough 

and combustible gases. 
Ordinary running tests and the results in regu- 


tends to 
mixing of 


spread 


cause the air 


lar service of boilers equipped with this apparatus 
have shown reduced fuel consumption with great- 
er steaming capacity, 


together with an almost 
complete elimination of smoke even when the 
boilers were being forced. The application of 
the apparatus also enables an inferior grade of 
fuel to be used without reducing the boiler ca- 
pacity and without causing a smoke nuisance 
The reduction in smoke also reduces the soot 
deposit on the heating surfaces of the boiler and 
the consequent labor of cleaning 

E 





View and Section of 
Steam Nozzles. 


Fim 2 End Luckenbach 


At the Medinah Building, in Chicago, the Luck- 


enbach furnace has been in use for 15 months 
on a 225-HP. water-tube boiler, and has been 
applied to new boilers which were recently in- 
stalled Tests made by Mr. Otto Luhr, me- 
chanical engineer, showed that with this device 
thrown out of use there was considerable smoke; 


when it was put into use, the smokestack re- 
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mained practically clear and at no time emitted 
which would bring it within the limits of 
ordinance. A reduction of 
temperature that the 


‘ompleted in the furnace 


smoke 
he smoke the Stack 


indicated combustion was 


due to the mixing effect 


the steam jets. 


At the Illinois Athletic Club the apparatus 
has been applied to the three water-tube 
boilers of 250 HP. each (the third boiler being 
kept in reserve). It has not only eliminated 


the smoke and reduced the fuel consumption, but 


it gives such eflicient combustion that it is now 


practicable to burn the from the club’s 


garbage 


restaurant. There are from 10 to 12 large 
cans of garbage daily, and the charge for re- 
moving these was S45 per month, while there 
was trouble from odors of the stale garbage 
awaiting removal. Much of this refuse is very 
wet and Sloppy (including waste ice, ete.) It is 


spread out on the boiler room floor, a small quan- 


tity of coal is thrown upon it and it is then 
fired in the usual way. One of the large 
lry-gzoods stores plans to equip its boilers with 


this device largely for the purpose of 


this way of the 


being able 


to dispose in garbage from its 
restaurant. 
Another 


fuel is at the 


example of the use of 
plant of the National 


refuse for 


Box Co., Chi- 


cago There are three 400-HP. boilers, which 
were formerly fired with shavings, sawdust and 


wood refuse, making it very difficult to prevent 
application to them of this 
shavings are sold, and the boilers 
are fired with sawdust, wood refuse and manure 
from the stables. 

The described 
of Mr 


duced by 


smoke. Since the 


device, the 


invention 
being intro- 
the Luckenbach Smokeless Furnace Co., 
Building, Chicago. There are reported 
installations in Chi- 
York, Buffalo and 


above is the 
Luckenbach, 


device 
Harry and is 

Medinah 

dozen 
New 


to be now about a 


cago, and others in 
Utica, N. Y. 





The Relation of the Corps of Engineer 
Officers, U. S. A., to River and Har- 
bor Improvements.* 


Ry GEN. W. H. BIXBY,+ M. Am. Soc. C. E. 


Those who have not specially studied the subject 
how and why the river and 
harbor work ever came to be assigned to the Army En- 


gzineers 


nay occasionally wonder 


During colonial days there was little work anywhere of 
engineering nature in the United States except what could 
be done by the ordinary farmer and mechanic. In the 
American Revolution, the military and topo- 


graphical engineer 


days of the 


ame to the front as a military neces- 


ity In 1800, James McHenry, Secretary of War, urging 
the re-establishment by law of a Military Academy and 


a Corps of Engineers, said, in his argument, that ‘‘forti- 


fications is but a single branch of their profession’ and 
their utility extends to almost every department of war 


ind every description of general offices, besides embrac- 
roads, bridges, 
In 1802, the 
West Point for 
purpose of educating engineers for such service. 
However, at from 5 to 10% of the West 
Point fitted for such 


ial work, join the Engineer Corps, the others going 


ng whatever respects public buildings, 


canals, and all such work of civil nature.’’ 


Military Academy was established at 


lhe WO .¢ 


present, only 


those 


graduates, who appear best 


to the other branches of the military service 

The U. S. Coast Survey was organized in 1816 by F. R 
lfassler, a former Military Academy professor, being 
ater extensively developed by A. D. Bache, a Military 
Academy engineer officer graduate of 1825. Many of the 
great topographical, geodetical and astronomical surveys 


of the United States were originally organized by Army 
5 or at West graduates. 
Up to 1824, West Point was the only school which 


taught civi 


Point 





least by 


engineering, and all engineering work was 


necessarily tarted under the guidance of West Point 
graduate In 1824 a specific Act of Congress gave to 
the Army Engincers the definite charge of all government 
roads and canals 


Polytechnic School did not start until 
1S24, and the Sheffield Scientific School not till 
When, after the civil war, civil engineering 
and other technological schools began to develop all over 
the United States, the Military Academy graduates still 
held good standing in the Civil 
ause of added 
ernmental methods, and their 


*From an address delivered before the National Rivers 


The Rensselaer 
out 


ibout 1847 


their own Engineering 
knowledge of gov- 


pecial military training 


profession be their 


and Harbors Congress, held at Washington, D. C., Dec. 
S, 1910 
+Chief of Engineers, U. S. Army, Washington, D. C 
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as to careful observation, obedience, and 
bility in all 
funds 


rigid responsi- 


matters of engineering work, property, and 


The road and canal work of this 
cially under the charge of the Army 
was soon extended to 


country started offi 
1834, 
rivers and 
stopped by the 
came to the front 
igain, mainly in the matter of river and harbor improve 
ments, and was 


Engineers in 





embrace occasional 
harbors, and so continued until naturally 


civil war About 1867, such work 


naturally reassigned to the Army Engi- 

remained 

So you can easily see that the 
} 


neers, and there it has ever since. 


river and harbor work 


ias come to the Army Engineer Corps by 
original endowment, 


of this country 
and by natural processes of national 
remains with it as a natural inheri- 
tance and duty in which its service has speci 


he country at large by 


development, and 





value to 
its century of special 
training and of careful, efficient, honest stewardship 

In this connection it may be mentioned that a 
proportion of the older Army Engineers are to be 
in the lists of 


reason of 


large 
found 
active members of t 
United 
discussions, and 


he prominent civil € 





gineering societies of he States, their 


confidence 


join in 


conferences and their 


have 
ind respect. 


The Education of Engineer Ofticers. 
Under existing conditions of the Engineer Service, an 
officer is trained for loval charge of a river and harbor 
district by 


civil engineering 


four years of mathematical, 
West 


types ol 


mechanical and 
study at 
spection of the best 
field practice, another year or two of 
explosives, electricity, and 
Washington 


Point, a 
river and 


year of in 
harbor con- 
structions and of 


special study of civil engi- 
Barracks, and two or 
When the 


years under 


neering specialties at 
more years of engineering duty 
district work is reached, it 
supervision of an older officer. 

All specifications and contracts are 
checked up by the Division 
Engineers, and all proje 
and by the Chief of 


with troops. 


is performed for 


examined and 
Engineer and the Chief of 
ts by a special Board of Review 
Engineers No new work is appro- 
priated for by Congress until examination and report 
by the district officer, division officer, Board of Review, 
and the Chief of Engineers. With such a system of en- 
reports and supervision, all 
approval of Congress, it is 
ilmost impossible for undesirable work to be commenced 

The proper progress of work is at present somewhat 
hampered, it is true, by a shortage of officers; but this 
difficulty will disappear whenever Congress 
the increase of the Engineer Corps as 
year. 

Such a system places the river and harbor work of the 
country to-day in the hands of a body of men free from 
interests and bias, liberalized by constant 
contact with other parts of the country and other busi- 
interests although independent thereof, concerned 
only With securing good engineering work and the pub- 
lic benefit, and thereby specially fitted for the duties as- 
signed them by existing law. 

I think it is due to the Corps which I represent that I 
put these matters thus simply and plainly before you so 
that you may know just why the Army Engineers already 
have the support of the Federal Congress, and why they 
expect to that of your Congress, as regards not 
only our past river and harbor work, but also that of the 
future 

The system of training and executive organization just 
described to you is similar to that of France, 
where every officer in charge of river and harbor work 
(with but few special exceptions), 
three years of 
in their War 
three more years of special 
Government Bridges and Highways; 
which their district officers are directed and supervised in 
much the same way as in the United States. And France 
is noted throughout the world, as well as in 
Europe, for the extent, 
its river and harbor 


gineering training and of 


under special direction or 


authorizes 
hoped for this 


local local 


ness 


have 


very 


must pass through 
mathematical and civil engineering study 
Department Polytechnic then 


study in the 


School, and 
engineering 


school of after 


entire 
thoroughness, and: perfection of 


improvements 
How Recommendations for River and Har- 


bor Improvements Are Made. 

Whatever may have been the condition in former years, 
the day has now for the appearance in coming 
river and harbor bills of any new projects where the 
worthiness of the improvement is subject to any reason- 
able doubt. The special provisions of Congress 
respect to the investigation of any new river and harbor 
projects have raised so many safeguards that it will be 
practically unworthy project to get 
coming harbor bills unless Congress 


passed 


with 


impossible for any 
river and 
hanges its present 
As an illustration, 


into 
rules. 

with one or two minor exceptions, 
the river and harbor bill of the last year introduced no 
new projects that had not already received the sanction 
of the Engineer Department and of Congress, excepting 
a few cases where the actual appropriations or actual ex- 
penditures were made dependent upon future favorable 
recommendations from the Engineer Department as re- 
gards worthiness. For the present year the estimates 
of the Engineer Department contain no provisions for 


any work adopted in recent years, except where the 
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project has been recommended by existing law, not only 
by the district officer, but by the Board of Engineers and 
the Chief of Engineers, after careful consideration by all 
three offices 

In fact, all the money which the country could spare 
for several years to come might be easily expended on 
projects that have already passed such examinations and 
received such recommendations; Congress having already 
received from the Engineer Department favorably-recom- 
mended projects to an extent of cost of about two hun- 
dred million 
appropriated. 


dollars in excess of the amounts already 

All of these projects are expected to give to the coun- 
try final results worthy of such cost, and the question is 
no longer whether any of them are worth executing, 
but simply which ones should be undertaken first, and 
how fast they can be pushed forward to completion. All 
we have to do from now on is to select those most ur 
gent, and those beneficial to the public at large, 
giving preference at times to those where the local pub- 
lic are willing to cooperate by substantial contributions. 

This is all the more easy to-day because this country 
has already reached the stage where the peopie are on 
hand becoming daily 
to approve any 


most 


the one more and more reluctant 
onomy by which 
interests are sacrificed, and more willing 
large expenditures where great public benefits 
are probable, and yet, on the other hand, are daily add 
ing to their growing contempt for all parties, whether in- 
dividual or corporative, 
and the public 


stagnation or false e 
great public 


to make 


who regard the general 
purse as something to be squeezed and 
exploited for private gain. 


In past years we 


public 


have given the largest appropriations 
to seaboard ports, which you must admit was right and 
proper when you remember that these ports are the main 
outlets of the country, receiving raw materials and manu- 
factured products from all interior states and sending 
them abroad to the rest of the world. From now on, 
might afford to give greater promi- 
to the interior waterways. 


however, we well 


hence 


The Importance of a Definite Policy and 
Continuous Work. 

More than twenty years ago when the American So- 
ciety of Civil Engineers was discussing certain features 
of public engineering work, there was a decided unan- 
imity of opinion that the best engineering work was that 
which gave the best results per dollar of expenditure, 
and that such results could not be secured to the public 
except by the aid of liberal annual appropriations allow- 
ing consecutive systematic work by permanently or- 
ganized working forces and working plants. 

The greatest obstacle in the way of effective work of 
river and harbor improvement has been the intermittent 
character of its work, causing constant doubt as to 
the amount and date of forthcoming funds; but the now 
proposed annual bills are expected to remedy this trouble. 
When new appropriations are made, the public expects 
active field work to be started immediately, apparently 
forgetting that it takes much time to build or collect 
plant and to collect and organize working forces. Then 
when work is nearing completion, the public expects the 
last cent to be put into it, apparently forgetting that 
funds must be reserved to collect, store, and preserve 
its working plant and to hold together the most important 
portions of the working organization until work can 
again be started. 

Every year, at the request of Congress, the Engineer 
Corps submits estimates of the amounts which can be 
advantageously and economically expended upon river 
and harbor work; and yet every second or third year 
for many recent years, Congress, in accordance with its 
understanding of the desires of the public, has felt 
obliged to reduce these estimates very greatly or perhaps 
to omit them entirely on the ground that the expendi- 
ture jis not sufficiently necessary or that the funds are 
more needed by other Bureaus of the Government. 

I believe you are justified in continuing your active 
campaign for educating and enlightening the 
general public on such matters until a positively certain 
annual appropriation bill for river and harbor improve- 
ment shall become as much a necessity and reality as 
that of the postal service. 

Another obstacle to efficient river and harbor work has 
been the quite common lack of sufficient appropriations 
to provide for the prompt completion of such projects as 
have been pronounced worthy by the Engineers and by 
Congress. It f 


forceful 


seems to me far better from a business 
point of view to promptly complete such projects as cover 
important terminals, extended through lines of busy water 
transportation, and routes of moderate cost and moderate 
depth through existing streams from promising but unde 
veloped areas to the seaboard, than to start new work 
over a large number of !ocal harbors or to attempt the 
deepening of water routes already adequate to the busi- 
ness in sight. 

It appears to me that it is perfectly proper and ex- 
ceedingly desirable for your association, convinced as it 
is of the economy, advantage, and need of expenditures 
for river and harbor improvements, to extend your 
investigations also into the question of why you prefer to 
have your money spent upon river and harbor work in 
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preference to other public works, how 


and 
made for greater regularity 


extensively 
arrangement 


ts can 


you 





wish it so how 


such 


really spent, be 


of appropriations with 
injury to other public to 
me especially that as investigations pro 
ceed, you should make the results known, not only to the 


out serious interests It seems 


desirable your 


public of your neighborhood, and to the local engineer 
officer in charge of examinations and surveys, but also 
to your local Congressman, who can press the matter to 


urther 
In 
the 


conclusions in Congress. 


other words, you have before you, as a natural duty 


development of a strong public 
its « 
to 


that he can use it 


opinion in favor of 


waterway improvement up to limit and 


‘ongres 
efficiently 


onomical 


the transmission of such opinion 


man in 
the 


your ¢ 


such tangible form on 
loor of 
The 


economical 


Congress 


Army Engineer Corps is already guaranteeing an 


and advantageous expenditure of the amounts 





ippropriated, and recommending projects of undisputed 
worthiness; and Congress will assign the appropriations 
you desire just as soon as you convince Congress as a 
whole that such appropriations are not only desired, but 


ire urgently needed in the public interest 


There are some special points regarding navigation 
problems which have been considerably cleared up by 


recent investigations in Europe and which it may be well 
to allude order to 
own such subjects 


for in assist clearing 


up your 


me to you in 


ideas on 


Depth of Channel of Secondary Importance 
in Inland Navigation. 





The question of deep draft is one of them sarge 
ingle, deep-draft boats are a necessity on the ocean, 
and even on large bodies of inland water, such as our 
Great Lakes: but this is more to gain strength against 
the effects of high winds and heavy waves than to se- 
cure an economic propulsion of the vessel. Recent ex 
periments in France, England, and Germany, have shown 
that on canals, on ordinary rivers, and on all waters 
where the winds are small, where waves are of little 
height, and where the currents are moderate, the re- 





approximately doubled 
el, but 


sistance to towage or propulsion 


by doubling the draft of the ve 





is only increased 


> or 10% by doubling its length Consequently, on in 
terior rivers and canals where the water area is not 
fully occupied all the time by the passage of existing 


boats, it is far cheaper, so far as towage or propulsion 
is concerned, to use a large number of individual light- 
draft boats combined in large trains one behind the other, 
or sometimes in separate boats with small power to each 
boat than to attempt to carry the a single 
boat great draft This is also the European practice. 
This is clearly proven by the case of transportation of 
rivers and also by 
itself between New 
of 140 miles, 


same load in 


of 


coal tows on the Ohio and Mississippi 
fact that the River 
and Baton distance 


the on Mississippi 


Orleans touge, a about 


with a depth of nowhere less than 25 to 30 ft., on the 
shallowest bars, and with a wide channel, navigable at 
all hours of the day, night, and year, the goods to be 


transported are carried to-day by comparatively shallow 


draft steamers rather than by the deep draft ocean boats 
which have brought them to New Orleans 

What we need in the United States in the way of river 
mprovement is not 60 much increased width or depth of 
to have those rivers thoroughly clear 


existing rivers, as 





from their own natural obstructions, such as_ rocks, 
snags, fallen timber, and river bars, so that their ex- 
isting depth can be fully utilized by any boats able to 
reach them. 

With the recent increased use of soline as a means 
of propulsion, the character of navigation on our nterior 





treams is already beginning to change. A g2soline barge 
drawing only 2 ft. can in quiet water carry loads heavy 


in proportion to each dollar of expenditure for propulsion. 
at any tim? on any 
of the last hundred 
years from the mouth of the Mi sippi River up to Fort 
Benton on the Upper Missouri, a distance of over 2.205 
miles. In fact, a good deal the most profitable busi- 
ness of the Upper Missouri River to-day is being done in 
gasoline boats, which are 
the neighborhood of 


gone 


might easily have 
the navigation 


Such a boat 


day during season 


i 








of 


small 
railroade in 


just such a manner by 
used feeders to the 
their river stations 


as 


Municipal Control of Waterway Terminals. 
Europe in the 


its 


Another important point developed in 
past year is the fact that no waterway can be used to 
full capacity until it i provided with improved terminals, 


and 





reloading 





having all modern facilities for unloadi 

and for transfer of cargo between railroads and steam- 
boats in such ways as has been done for years on the 
Great Lakes at the ore docks of Lake Superior and at 
the coal docks of Lake Erie 


Another point of great importance is the necessity of 
these terminals by the municipali- 
of commercial ports, and the establishment of ar 
rangements by which railroad lines through 
bills of lading and all loading and other transfer facili- 
ties to any freights, as may be desired by shippers along 
and over lines of mixed railroad and water routes 

One of the first steps to be taken toward the utilization 
of existing and future improved waterways should be a 


all proper control of 


ties 


will give 


general preparation by all large river and harbor towns 
and commercial ports for municipal control of wharves 
and docks, and for the construction of terminals and 


ransfer facilities Th does not mean that wharves 





docks, and transfer facilities must be actually built 
prior to any irge demand for the same; but it does 
mean that each municipality should obtain prior contro! 
of the wharfage front and its surroundings to such extent 
that when the time arrives for a needed increase, and 
when people are found who are willing to put up the 
money for their construction, there shall be plenty o 
room for uch projects to completion, that al 
facilitie for uch work shall be ready, that all ob 
tacles in the way of such work shall be removed, and 
that when suc} onstruction are actually built, they 
shall be ava le to the.general public at moderate rates 





and free of a monopoly 


Volume of Trattic Necessary to Make Water- 


ways Profitable. 





point is the fact that not in part of the 


part of the 


any 


2d States, nor in any 


world, « 





an wat 


transportation be made profitable unless it is possible to 








have at one end of the route natural products which can 
be bought cheaply, and at the other end of the route 
markets for their consumption where goods can be sold 
it a enough rate to pay for the cost of transporta 
tion bet 1 the two terminals 

Jt is mainly due to this latter condition, rather than 
to the depth of the waterway, that we have seen such an 
enormous development of commerce on the Great Lakes 


On the borders of Lake Superior are enormous volumes of 











ron ore which are needed in the East; and around Ohio 
and Pennsylvania are enormous is of coal which ar 
needed in the West, so that boats plying between thes 
two places can irry full loads each way during the 
entire length of the navigation season 

The reason why more depth is needed along this route 
at the present day is ause the existing travel is so 
great that even during the daylight hours the connecting 
waterways of the St. Clair, St. Mary's rivers, and the 
Sault canal, are filled to their utmost capacity, and in- 
crease in depth is the only method left for expansion of 
the waterway 


The Effect of Waterways in Reducing Rail- 
way Rates. 


Another point general waterway improvement is the 
fact that it is not always necessary that every water- 
way should be utilized to its full eapacity, or even to 
any appreciable capacity, in order to justify its exist- 
ence, or its construction, and its maintenance. For ex 
ample, the Illinois State canal which has existed for 
many years between Lake Michigan and the Illinois 
River, with an original 6-ft. depth, allowed to deterior- 








ate to 4% ft. depth because of lack of toll receipts, 
must not be considered as an idle canal or as one not 
worthy of maintaining. 

So long as a waterway is kept open, even with no boats 
moving on its surface, it is at work day and night in 
maintaining for the benefi of the people along its 
banks and connecting water routes a transportation rate 
sometimes as low as could be secured from the water 
way it:elf if overed with laden boats One of the 
recent reports of the Illinois State Canal Com- 
missioners contains a contoured map of freight rates 
along the bank of its canal, and for sev 
eral miles on either side, which proves my statement to 
be beyond question of doubt The same condition exists 
on the Missouri and the upper Mississipp Under such 
circumstances the important thing is an open route of 
moderat lepth rather than an increase in depth. In 
such a case what the general public sees is not half 
as important as some of the things it does not see nor 


think of 


American Waterways Far Superior to Europ- 
ean Waterways. 


Several years ago there was a 


United 
matters of 


considerable cry through 
behind 
waterway improvement 


out the country that the States was 


the rest of the world in 


away 


ements were made broad- 
could only be given a sys 
in length, 
mmediate enormous 
fact is, 
commerce dif- 
the depth, 


and waterway utilization, and stat 
cast that if the United States 
tem of waterways 
breadth and depth, 
development of 
that the most of our water-borne 
due to other 
and length of our 


equal to those in Europe 
there would be an 
water-borne ommerce The 
however, 


ficulty 
width 







things than 





merely 





waterways 








Last year, after careful invest tions extended over 
several years, the British Royal Commission on Canal 
and Waterways finished and submitted a report upon 
the advisability of doubling the depth and capacity of 
British Cana In its report and as an appendix thereto, 
this Royal Commission gave ‘ful statements as to all 
the waterways of France, | ium and Germany, in- 
cluding extensive and valuable tables of details as to the 
cross-section, capacity and tonnage of these waterways. 

The results show that no matter whether you consider 


merely navigation of 2 ft. depth, or of 6 ft. depth, or 10 


ft. depth, or 20 


the 
the 
gi 


United 
United 
um, it will 
to 


State 


State 





waterways 


population. 


be 


supply even 


ft. depth, the United 














*s under our habits and 
*s becomes i 


difficult 


find 
the 


to enough 


emergent 


customs 


densely populated as 


needs of 








es has in ex- 

istence more miles of good nav ym than France, Bel 
gium and Germany all put togethe ind that if it were 
possible to trade off th erw ‘ t l ted State 
for the waterways of t w 1 be Europe and 
not the United States that would e the Tr by 
the transaction 

It i difficult for the genera i oO mak pe 
comparisons betwee erw of t intry and 
Europe, and to drav ym rre leductio rhe 
difference betweer ff the world are too 
great In ompari I ted State Kur 
has an enormou and densely ettled Ol tior vw 
consequently it has more mouths to feed, more rdic 
lothe, more people to house and more itural and 
ufactured products to tra o er square mile 
country or per ear mile of river 

For example, entire Europe ave g e¢ 107 in tant 
per square mile against 46 for the entire United State 
In Germany the density of population is 200 per squar 
mile, and in Belgium 620, while many par 
United States in the neighborhood of our 
rivers the population is scarcely more than 40 pe 
mile 

Moreover, as a g throughout Europe le 
use of waterways and of railways ontrollied by the 
General Government in such a way tl there ilway 
maintained a difference between freight rate by wate 
ind those by rail sufficient to encourage the use thes« 
waterways to a much greater extent than possible 





When 
Bel 


railroad and 


our 


River Improvement for Flood Protection and 


I occasionally 


meetings of co 


queries 
so far done 


so 
reclamation of o 
and the develop 


The Engineer 


recommendations for bank prote 


the 
recommending n 
banks and 


always 


concerned 


away 
has 


beer 


power wherever 


is advantageous; 


the past from going any further be 


by Congress 


While the 


the advantages of 





raised as 


navigation 


Eng 


Water Power. 


see in the 


newspaper 
mmercial or 
to 


little in 


professional 
why 

the 
verflowed 


the Engineer I 


lands along the 


ment of water powers 


Department has always bee 
t on 
of the stream 


1ethods for keeping 


y from land subject to ov 

1 in favor of the develo 
lock and dam or slack 
but it has always beer 


zineer Department has alw 


bank 


liberal 














water w 


iuse no 


direction of bank 


wherever it 





orgal 


in reports of 
zations 
artment ha 
protection 


es of rivers, 


liberal in 


and liberal in 
ithin the river 
erflow ind t 
pment of water 


water navigatior 


protection to save and pr« 
tect property, and of levee construction and dra ze to 
reclaim overflowed lands, and of water power develop 
ment to secure power to operate factories t has been 
obliged to consider that its work w restricted to nav 
gation interests until exp! y otherwise ithorized 
by law. 

At the last session of Congress, the Er e€ Depar 
ment was requested in future rive ind harbor project 
to take into consideration the levelopment o Ww 
power and to submit recommendatio W rever the coc 
of navigation improvement might be lessened thereby 
and all new river and harbor improvement ire be 
considered accordinely I ot mean, however 
that the Department is to e water power devel 
opment for power purposes alone, but only when the 


river improvement work itself shal 
ippreciable benefit, and the 

forms a logical part of the navi 
Anything in excess of this n t st 
orders of Congress 

Pending River and Harbor 







































It seems proper that I should explain br the man- 
ner in which the recommendatio the neer De 
partment for this year have heer up 

The printed Annual Report of tl hief of Engineer 
for 1910, just distributed to Conere ontain the follow 
ing 

ESTIMATES The following estimate are submitted by 
the Chief of Enginers for the fiscal year ending June 30 
1912: 

Under continuing contra nace $7,368 077 
Rivers and harbors (general, including Missis 

sippi River Commissior ind examination 

surveys and cont es) ad -» 22,627,361 
Under California Det Comn sion (expenses) 1.0 
Prevention of deposit n New York Harbor 85,260 

These estimates are intended to cover only the minimum 
requirements for the prosecution and m ince of the 
various improvemer such estimates |} ng been made 
up from other estimates prepared on the same basis by 
the various et officers and carefully revised by the 
division eng this being done in order to kee; 
within the limited total estimate deemed advisable for 
the next fiscal year and on the supposit 


and harbor work 
appropriations 

The total 
next river 





amo. 
and 


will be provided ere 
int recommended - appr 
harbor bi excluding exa 


ion that rive 
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veys, and contingencies) is $22,227,361, to be applied to 
211 works Of this amount about 10% is to be applied to 
the restoration and maintenance of completed work at 
156 localities so as to secure the continuance of benefits 
resulting from past expenditures; practically 70% to 
prosecuting work on the Ohio, Mississippi, Detroit, Hud 
son, Delaware, and Columbia rivers and at 11 important 
harbors; and the remaining 20% to the prosecution and 
ompletion of 382 other works. 

Of these 82 ks, 22 are recommended for completion 
by immediate cash appropriations, and 11 for completion 
by partial cash appropriations, supplemented by con- 
tinuing contract authorizations; 31 of the remaining 49 
works are being prosecuted in whole or in part with 
government plant by hired labor under conditions where, 
with regular appropriations assured by annual river and 
harbor provision in exce of the year’s needs is 
not regarded as esential at present 
The remaining 18 works for which provision for comple- 
on is not recommended are those at localities where, due 
to the character of the improvement, conditions to be ful- 
filled by local interests, or other special reasons, pro- 
vision for completion is not regarded as essential at this 
time In some cases where provision for completion is 
not recommended changed conditions, since the improve 
ment was undertaken, may render entire completion of 
the project unnecessary, although a partial completion is 
required 














bills, 











nevertheless 


Liberal appropriations are considered proper and de- 
rable for snagging and other work necessary to make 
natural channels available wherever water-borne com- 


merce exists or is reasonably prospective. It is believed 





that expenditures for such improvements are almost al- 
ways useful and advantageous to the general public, es- 
pecially since the introduction and rapid development of 


small gasoline motor boats for combined freight and pas- 
senger transportation. In many cases it is apparent that 
the failure to use a waterway is due not so much to 





lack of channel depth as to the preser of snags and 
other obstructions which can be removed, at compara- 


tively small cost, thus making the natural channel depths 


fully available throughout the year When the boat 
commerce develops or its requirements become greater 
the existing clear channel will be in its best condition 


for further and more expansive improvements. 

If desired by Congress for its consideration in pro 
for new works, reports could be submitted by the 
Board of Engineers for Rivers and Harbors and the Chief 
of Engineers upon the relative importance of the vari- 
ous improvements recommended as worthy of being un- 
dertaken by the United States, the order in which the 
works should be taken up, and the rapidity with which 
they should be completed, upon methods of standardiza- 
tion by which the waterways of the country could be im- 
proved uniformly in proportion to their capacities and to 
the existing or probable demands of general commerce, or 
even report upon a systematic scheme of such improve 
ment embracing al] waterways, whether heretofore ex- 
amined and reported upon or not. 












The first step toward 
to be given to Congress, 


the preparation of the estimates 
was taken last June when let- 


ters of instruction were sent out to all the district 
engineer officers asking them to submit as usual esti- 
mates for their districts and show how much money 


they could advantageously spend on each river and har- 
bor work in their charge during the fiscal year commenc- 
ing July 1, 1911. When these were received it was 
found that the cash amounts totaled about $43,000,000. 
The estimates as to the Government revenue for the 
coming year and as to the amounts needed by other De- 


partments for the same period, led the President to be 


lieve that only about $30,000,000 could be spared this 
year for river and harbor work under both the river 
and harbor bill proper which provides for general 


work, and the sundry civil bill 
contracts already 


which provides funds for 
and he issued instructions 





authorized; 


accordingly, stating, however, that a carefully prepared 
bill of this amount would receive his approval. 
This made it necessary for the Engineer Department 


to reduce the 


cash estimates for the river and harbor 
bill proper to about $23,000,000 Under such circum- 


stances, the 
adopted 


method which could be 
treat the work in the same 
such work would be treated by a commercial 
tion with limited income, and the only way to do this 
justice to all parties and with the best results to 
the country at large was to find out how much money out 
of past appropriations would probably be left unspent on 
June 30, 1911, and then to add to such balance for each 
district enough money to carry work successfully through 
the assumption that the next session of 
enact another river and harbor bill 

have proceeded on the assumption 
from now on we can count upon regular annual ap- 
as desired by the general public, 


only consistently 


wa to manner as 


organiza- 


with 


another year on 
Congress would 
In other words, we 
that 
propriations as practi- 
cally promised by the present Congress, and as approved 
by the President, all with an eye to judicious, economical 


1dvantageous work 


Such reduction required in some cases the omission of 
ill the estimates for some existing works and the re- 
duction of other estimates to amounts which are liable 


alities concerned But in 
Congress of annual 
seemed necessary this 
so small as to insure 
it was thought that 


to be quite disappointing to lo 


order to facilitate the resumption by 


river and harbor appropriations, it 


year to make the bill a small one 


no doubt as to its passage; and 








when such condition became generally known, the coun- 
try at large and each locality in particular would be 
willing this year to assent to such sacrifices for the gen- 
eral pubdiie good. 

It seems already probable that if the general public 
will this year trust to Congress and to the President 
nd assent without opposition to such a bill as already 

rted. such bill will be passed early in the session, 
the annual passage of future bills will be assured, and 
one of the most important objects of your association 
will have been accomplished 
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A Discussion of the Basis of Design for 
Reinforced-Concrete Flat Slabs.* 


By ARTHUR R. LORD. 
In this paper the writer desires to state briefly, 
out attempting to make 
evidence presented by the 


with- 
connections or applications, the 
test on the floor of the Webber 
and Deere Bldg., in Minneapolis, described in a previous 
paper, 


and also such confirming evidence from other 
tests i 


recently at the 
applicable to a 


made University 
consideration of the 
reinforeed-concrete floor slabs. 

The division of the into beams or beam 
zives a method of analysis which appeals to many as the 
logical manner of approach in undertaking the analysis 
of the floor slab. It 
true stresses may be so arrived at, but 
safely conclude that the found will 
value 
that the indicated by 
analysis are reduced by slab action 


of Illinois, as is 
basis of design for 


slab strips 


reinforced-concrete does not seem, 
however, that the 
we may stresses so 
represent the marimum 
It must be recognized stresses 
the beam method of 
and by arch action to a very considerable degree, but 
it is not possible to state coefficients for this reduction 
give it quantitative present. The 
this reduction probably depends on the depth 
of the slab and on the details of the head and slab re- 
inforcement, and may be 
under different conditions. 

Certain lines of 
a basis of 


analysis of 


or to expression at 


amount of 
expected to vary considerably 
ipproach do not seem to be tenable as 


Whatever the value of Grashof’s 
homogeneous fixed on a system of 


analysis 
plates 
equidistant points may be (and this value is not clearly 
of the ratios from Grashof 
warranted without advancing weighty 
Other writers have pointed 
which Poisson’s ratio has on 
found by Grashof’s equations 
The writer would mention also that the expression found 
indeterminate for other than square 
and that the maximum stress is located at the 
center of the (as applied to the floor slab) 
and not at the support as Mr. A. B. MacMillan§g evi- 
dently hardly be said to represent 
reinforced concrete floor slab. 

Eddy’s analysis of the circu- 


established), the use does 
not seem to be 
supplementary evidence 
cut the 


important bearing 


the value of the stress 
by Grashof is 
panels, 
cross band 
supposes This can 
the conditions in the 

Treatments based on Dr 
lar flat plate do not seem to apply for the same reasons. 
Dr. Eddy’s analysis both 
shear and moment which, while tenable for the 
eases that he treats, do not seem to be applicable to a 
plate supported over a considerable area at its center. 
Dr. Eddy does not attempt to apply his analysis to any 
similar cases. 

A study of stress 


assumes certain relations in 


curves 


conditions would indicate that cer 
tain limitations should be recognized in designing the 
flat slab. Beam analysis applied to the slab and the re- 
sults of tests both indicate that the moment is greater 
over the support than at the center, and that the critical 
section is at or near the edge of the capital If this be 
true, and we wish to adhere to the established practice 
of maintaining the same slab design for all floors, it is 
essential that the capital be also maintained at or above 
minimum size, for which minimum size the mo- 
ments have figured Common practice makes the 
eapital size depend on the column size, when it should 
depend on the dimensions of the panel. The stresses in 
the steel and concrete due to moment and the shearing 
and stresses are all increased rapidly 
by a decrease in the size of the capital. Over the small 
capitals in the upper floors of buildings of this type the 


some 


been 


diagonal-tension 


stresses must be much higher than they are for the 
lower floors with their large capitals. From a study of 
shear and moment stresses in several buildings it is 


recommended that the capital be maintained at a diame- 
ter of at least two-tenths the dimension of the side of 
the panel, if the capital is square, or at an equivalent 
if the capital be of different shape. Shearing and 
diagonal-tension stresses will be safe for this size of 
capital provided a proper percentage of steel is used in 
the slab design proper. 

It is quite commonly held that only the rods which 
pass over the capital may be taken into account in figur- 
ing the resistance to negative moments. Under this con- 
ception the strips containing the outer rods of a band 
serve only to carry load to other strips which they in- 
tersect and which do pass over the capital. In this con- 
ception it would seem that there is a confusion between 
transfer of weight and of The weight or load 
follows the most direct path to the column, being trans- 
mitted in the form of shear in the concrete itself, and 
need to be transferred from strip to strip at 
their The beam while stressed very 
high at the locally in shear, may be stressed 
over its entire width in moment. A series of tests made 
during the past year at the University of Illinois illus- 
this lateral distribution of stress in wide beams. 
beams were of various dimensions and proportions, 





area 


stress. 


does not 
intersection. wide 


support 


trates 


These 


*A discussion presented before the Seventh Annual 
Convention of the National Association of Cement Users, 
New York, Dec. 12-17, 1910. 

+Research Fellow in the Engineering Experiment Sta- 
tion, Univ. of Illinois, Urbana, Ill. 

tEngineering News, Dec. 22, 1910, p. 695. 

$Engineering News, March 31, 1910, p. 364 


and we may be permitted in advance of the full publica- 
tion to present one particular set in which the propor- 
tions were very near to the conditions found in ordinary 
building design. The beams were 336 ins. wide, 4 ft. 10 
ins. long, and 3 ins. deep to the steel. Thus the ratio 
of depth to width is 1/12 or somewhat in excess of the 
usual ratio of depth to steel to width.of band in the 
flat slab. The beams were loaded across their full width 
at the ends, and were supported at the third points, in 
some cases for their full others for one-half 
their width, and in still others for one-fifth of their 
width. The beams were made and tested in duplicate at 


width, in 


approximately 60 days. The table gives the loads car 
ried. 
-Total Load Carried———, 
Beam Beam 
Beam No. Supported. No. 1. No. 2. Average 
Full width 15,550 15,800 7 
Half width 15,000 





Fifth width 
Fifth width 


14.940) 
14,550 





16,000 





The 717 beams were provided with 0.4% cross rein 


forcement All the beams had ten %-in. round 
ins. from the face, and beams 717.1 — 2 had \%-in 
rods 4 ins. on centers crosswise of the beam. 


rods 3 
round 


We may note that for one-half 
appreciable falling off in the load carried The de 
flection curves showed also that the stee! at the edges 
took the same stress as did the rods in the beam sup 
ported for its full width. The yield point of the steel 
used was 37,000 38,000 Ibs. per sq. in., and computa 
tions show that all the steel present in both cases was 
about 10° beyond the point when the 
yielding of the steel caused the concrete to fail in com- 
pression. 


support there was no 


stressed yield 


This is exactly the phenomena of the ordinary 
beam test where there is no question of lateral distribu- 
tion involved. When the beam was 
ene-fifth its width there was but a falling off in 
the load carried. For all cases where the recommenda 
tion if this paper with regard to column size is followsd 
the beams or bands will be supported for one-half of 
their widths, in which case the entire steel would seem to 
be effective. 

The evidence of the wide 
firmed by tests of footings. 
the portion of the slab inside the line of inflection is 
in effect an inverted footing loaded with a peripheral 
load at the line of inflection (reactions of the supported 
beams between the lines of inflection) and a uniform 
load over the base. The footings tested were of uniform 
depth throughout, being somewhat thicker in proportion 
than the cantilever slab about the column. From a con- 
sideration of all the results Prof. Talbot has arrived at 
the conclusion that the width of the resisting 
as governing the stress in the steel, was composed of 
the width of the pier, plus the depth to the steel on 
each side of this, plus one-half of the remaining width 
of the footing. 

Applying this to several designs revealed the fact that 
this width includes all the steel in both the cross and 
diagonal bands in all ordinary designs. In other words, 
not the steel passing over the capital only, but the en- 
tire steel in both bands may be counted on to take its 
full resisting moment. Actually observed stresses found 
in the building test. bear out this statement. The stress 
was found to be nearly constant across the entire band, 
the slight falling off in the case of the outer diagonal 
rod being accounted for in part at least by its lower 
position in the slab. To offset this the outer rods of the 
cross bands were observed to be taking a slightly higher 
stress than those in the center of the bands. 

The footing tests previously mentioned afford evidence 
also as to the position of the section at which negative 
moments should be figured for any band. The rein- 
forcement in the footings laid sometimes in two 
bands and some times in four bands without any notice- 
able effect on the strength or the stresses found in the 
specimen. The tests have been interpreted for a bul 
letin on footings now in manuscript form and the con- 
clusion was reached that stresses figured for a section 
at the face of the pier would represent fairly the 
structural action involved. Additional evidence was atf- 
forded from the observation of cracks about the columns 


supported 
small 


for only 


beam tests is further con 


It may be pointed out that 


section, 


was 


in the building tested. These cracks formed at a dis- 
tance of about 2 ins. on the average outside of the 
edge of the capital below, and would seem to indicate 


that moments may safely be figured about a section at 
the edge of the capital as giving a maximum condition. 

If we consider the bands as continuous wide beams 
we should expect to find that the moment at the support 
was twice that at the center of the span for uniform 
loading. The indicated that this center moment 
was somewhat less in proportion, but it is possible under 
a single panel loaded that the stress at the center mav 
reach as high a value as one-half that at 
under full load, and this fraction may be considered a 
maximum for design purposes. Much current practice 
is in direct contradiction to this conclusion. This ob- 
jection to any adaptation of Grashof's analysis has been 
noted in a previous paragraph. Mr. C. A. P. Turner's 
formula, based as it apparently is on tests of single 
panels and without the determination of actual stresses 
must be applied with caution. When a formula is to 
be derived from tests it is essential that the tests be 
so planned as to give as high stresses as may reasonably 


test 


the support 









































December 29, 1910. 


ENGINEERING NEWS. 





717 





be expected under full load conditions. Certainly 
which from their nature predetermine low stresses at the 
critical section at the support do not constitute an ac- 
ceptable basis for a design formula. Mr. Turner's con- 
tention that by the use of a uniform grade of open- 
hearth steel it is possible to tell when the stress in the 
steel reaches the yield point and that in this manner 
a basis of design may be arrived at, does not inspire one 
familiar with test phenomena with much confidence. It 
does not answer the objection to single panel loads at all. 

Again it is not clear that any noticeable change will 
occur in the slab when the steel at the support reaches 
the yield point. At this time the steel over the support 
starts to yield; simultaneously the deflection and hence 
stress at the center increased, and thus relief is afforded 
the steel at the support. The final failure may even 
occur at the center, and yet it is evident that this read- 
justment should not be in good design, 
if there is sufficient over-reinforcement at the center 
to carry safely the added stress (which is not always the 
After the readjustment has taken place there are 
in the steel and concrete large permanent stresses 
marked and against a repetition of the load the 
tructure is even less secure than at first. 

The test of the loaded building at Minneapolis indi- 
cated that the line of inflection lay between a square 
the column at its center and its inscribed circle 
if the slab be considered as simply supported the least 
the line of inflection (in the cross band 
lirection) would be approximately 0.44 L where L is the 
dimension of the panel. Owing to the fact that the slab 
is fixed for a considerable area at the column capital, 
the clear much reduced, and the 
limension of the inflection correspondingly in 
If we take the effective clear span as the dis- 
tance the critical sections already determined 
negative moment, which seems a reasonable 
and if we follow the recommendation as to size of capi- 
tal stated previously in this paper, the least dimension 
of the line of inflection becomes 0.2 L + 2 (0.22 x 0.8 L) 


tests 


necessary even 


ease), 
present 


and 


st 
set, 


having 


dimension of 


effective span is least 
line of 
creased. 
between 


for basis, 


0.55 L (the 0.8 L being the effective clear span.) In 
the building tested at Minneapolis the capital size was 
0.24 L and the observed least dimension of the line of 


inflection (in other words the dimension along the cross 


band) 


was about 0.56 L. On the basis given above it 
would figure at 0.24 L + 2 (0.22 76 L) = 0.57 L, 
which checks closely with the observed fact. It would 
seem that for the conditions found in practice, and if 


columns are not permitted to have unduly small capitals, 
the this dimension of the line of inflection 
would be small, and the value of 0.55 L here given may 
be quite generally applicable. The dimension of the 
line of inflection along the diagonal band was observed 
in the test to be about 0.64 L. 

A question exists as to the values of the compressive 
stress in the concrete at the edge of the capital, and as 
to whether or not compressive reinforcement is needed. 
It is difficult to compute the stress at this point owing 
to the fact that the concrete is stressed not in one, but 
in several directions. In the test, however, the resultant 
stress was measured directly, ranging from 650 to 750 


variation in 


Ibs. per sq. in., which is undoubtedly safe for concrete 
stressed in several directions and over a very short 
distance. In the design of this building a very low 
percentage of reinforcement was used at the center of 
the span, and it would seem as though the use of this 
low percentage were imperative to proper design unless 
compressive reinforcement is to be used. We may well 


isk 
1,° or 


the stress in the concrete would have been had 
0.6% reinforcement been used at the center as is 
For such practice compressive rein- 
seems to be required. 


what 


frequently done 


forcement 


The writer would like to add a word on the question 
of shearing stresses in flat slabs. To the designer of 


beam constructions these stresses have seemed high, and 
a proper shear, as well as of moment, 
makes it advisable to provide a larger capital than is 
ordinarily used on the upper floors of our present build- 


consideration of 


ings The recommended minimum size of capital of 
0.2 L was selected with the shear computations of sev- 
eral buildings directly in mind. We should remember, 
however, that a sharp distinction should be made be- 
tween so-called “punching” shear and shear which in- 
dicates the tendency to diagonal tension. Punching 


shear may properly be figured along the periphery of 
the capital giving a punching shear unit stress of 
W (L?—c*) wh 
» een 0.1 
12 x 4 cd d 
the last simple equation applying only when the capital 
is 0.2 L on a side as recommended (or a circle of equiv- 
alent area.) In this formula 
L = side of square panel in feet. 
c side of equivalent square capital in feet = 
d depth of slab in inches. 
For such shearing the 


0.2 L 


stress value recommended by 


the Joint Committee of 120 Ibs. per sq. in. is certainly 
permissible. 
In computing shear as indicating the tendency to 


diagonal tension, we should give to the flat slab the same 
treatment which we accord to beam design. In a re- 
strained beam we find that the failure in diagonal ten- 
sion does not occur at the support, but at some distance 
out from it. In like manner Prof. Talbot has found in 





the test of foolings that the failure in diagonal ten- 
sion took place some distance out from the pier, and he 
concludes that as an the tendency to 
diagonal the shearing should 
be computed on a section at a distance out from the pier 


(or edge of capital) equal to the depth of the slab to the 


indication of 


tension ntensity of 


stress 


steel. Using the same notation as mefore 
w [L27 + (« 167d)*) 
v' (diagonal tension tendency) - 
12 x 4 (ec + .167d) jd 
In any particular case it is simpler to figure this stress 
directly than to use the formula. For this value the 
various limits specified by the Joint Committee should 
govern. 
It is a simple matter to state the above conclusions 
and recommendations in the form of an analysis, but it 


is not believed that analysis are prifitable until some 


means is found for expressing quantitatively the amount 


of the reduction in stresses due to arch action and slab 
action The amount of this reduction was observed in 
the test to be large. 


2 


Sound Copper Castings of High Electrical 
Conductivity.* 
By E WEINTRAUB.? 
The production 
mechanically 
tivity 


in the foundry of pure 
sound and pos 
comparable to that of 


copper castings, 
electrical conduc- 
pure forged copper, has been 
since the development of elec- 


essing an 


an important problem ever 


trical machinery and apparatus Obstinately, however, 
the casting of high-conductivity copper refused to make 
its entrance in the foundries and it may be assumed 
that there were good reasons for it. 

The cause of the difficulty has been sufficiently well 
understood for a long time Molten copper has the prop- 
erty of dissolving gases such as oxygen and of setting 
a part of these gases free on cooling This produces 
pin holes and even big cavities The casting obtained 
is, therefore, mechanically unsound and has a low elec- 
trical conductivity 

The elimination of these dissolved gases presents but 
little difficulty It is sufficient to add one of the well- 


known deoxidizers such as zinc, magnesium, phosphorus, 
etc., in small quantities to bind the oxygen chemically 
Copper castings free from blow holes are thus easily pro- 


duced. The electrical conductivity of the copper thus 
produced is, however, as a rule, low. This is because 
(1) all the deoxidizers used had also the property of 
combining with copper, and (2) of the remarkable rate 


in which the conductivity 
amounts of 
of oxygen 


of copper drops 
impurities are alloyed with it. The amount 
dissolved in copper during the process of 
melting is a variable quantity and is distributed through- 
out the whole mass It is, therefore, practically impos- 
sible to add the deoxidizer in such a way as to eliminate 
oxygen completely without, at the same time, alloying 
it to a certain degree with the copper. Accordingly, the 
conductivity of the resultant product was a matter of 
accident In the laboratory sometimes good results were 


when small 


obtained, but they were hard to duplicate and the trans- 
fer to the foundry was always a disastrous experiment 
The problem was the finding of a deoxidizer without 
affinity for copper at tme melting point of the latter 
so that it could be added in excess with impunity. 
While carrying on the work of the isolation of the 
pure element boron, the lack of affinity of this element 
for copper manifested itself Boron has, at the melting 
point of copper, a great affinity for oxygen, nitrogen, 
etc., and was thought to be an ideal substance for deox- 


boron 
inexpensive 


idizing copper. Pure 
quantities and is 


its electrical properties 


can be produced 


certain 


in large 
based on 
For casting copper, however, its 
price would probably be too high 


for uses 


In the course of the boron studies, an amorphous pow- 


der had been secured which contained as essential im- 
purity only a certain percentage of oxygen and which 
was termed ‘‘boron suboxide Obviously for the pur 


pose of eliminating oxygen from copper without in- 


troducing capable of alloying with copper, 


this 


any impurity, 


boron suboxide would be as 





good as pure boron or 
perhaps better on account of its being obtained in form 
of a very fine powder Therefore this substance was 
used in the first experiment. The very first at- 
tempt was successful A perfectly sound bar was 
obtained with a conductivity of 94%, when 0.1% of the 
weight of the copper was added. Further experiments 
showed that the amount of boron suboxide could be re- 
duced to 1/30% and also that the addition of a large 
excess, say 1%, did not diminish the conductivity or 
change in any way the mechanical properties of the 
cast copper. 

Here was a method which could be put into the hands 
of any foundryman and which would always give good 
results provided the copper (ingots or scrap) melted 
down was pure metal 

A further simplification, however, was introduced into 

*Abstract of a paper before the 18th general meeting 
of = American Electrochemical Society, Chicago, Oct 

tResearch Laboratory, General Electric Co., West 


Lynn, Mass 


[tSee Eng. News, Nov. 4, 1909, p. 499.—Ed.] 


the process 
nesium 


The reduction of 
gives a product ng magnesium 
boric anhydride and boron suboxide. While the last one 
is the the first two are harmless The 
anhydride magnesium borate is 
advantage, as the addition of a larger mass of 
makes the operation Also the bori 
anyhdride would probably dissolve the copper oxide and 
bring it to the 


boric anhydride of mag 


contail borate, 





active agent, 


presence of boric and 


even an 


material easier 


surface as copper borate It is there 





fore unnecessary to isolate the boron suboxide It is 
sufficient to grind up the above mixture into coarse 
grains and use an amount of which contains the 
necessary amount of boron suboxide 

Foundry practice at present is to add 1 to 1%% o 
this material, which is equivalent to 0.08 to 0.1% of 
boron suboxide. The properties of the material obtained 
are as follows 

The electrical conductivity obtained can be as high a 
{712% if the copper melted down is perfectly pure In 
the foundry, where the scrap copper which is melted 
down cannot always be very carefully selected, a con 
ductivity of 91 to 95% is obtained and a guarantee of 
00% is given. 

The resultant casting is readily machined The me 
chanical properties are as follows: 

Tensile strength, 24,350 lbs.; elastic limit, 11,450 Ibs 
elongation, 48.5%; reduction in area, 74.49% Castings 
are being made of all shapes and sizes with no more 
difficulty than in the case of brass Sand and iron 


molds can be used and for standard articles the latter aré 
preferred 
The use of this cast copper lies in two different dire 





tions in (1) replacing forged copper and (2) re ing 
alloys of copper. The gain in conductivity allowe a re 
duction in bulk and thus a saving in material Castings 
are much cheaper than forgings. 

It is interesting to note that in spite of the fact that 
cast copper has had lower conductivity than forged cop 


per, in many cases cast copper has been used iustead 
of forged copper. This is due to the fact that a chance 
is given to eliminate riveted, screwed or soldered joints 
whereby a number of poor contracts are avoided The 
elimination of joints often insures, too, a better opera- 
tion. 

The cost of the boron added is small; at the present 
prices of magnesium and boric anhydride the cost per 
pound of copper is less than % ct. 

The success with ‘‘boronizing’’ pure copper, as it is 
now called in the foundry, has suggested new lines of 


work, which have been taken up lately, such as (1) the 
addition of boron to different copper alloys, and (2) re- 
placing the ‘‘poling’’ operation [the addition of carbon, 
in a reverberatory furnace, by stirring with green wood 
poles.—Ed.] in the process of refining copper by ‘‘boro- 
nizing.”” 
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The New-Insulator “ Bakelite.”* 


With the incorporation of the General Bakelite Co., in 
New York, and the Bakelite Gesellschaft m. b. H., in 
Berlin, an interesting invention enters upon its real com 
mercial The original 





career. paper describing it was 
read by Dr. L. H. Baekeland on this subject, before the 
American Chemical Society. More than a year has 
elapsed since, and considerable progress has been made 


on the practical side of the question 
description of ‘‘Bakelite’’ 

“Bakelite” is a new substance, which, in its different 
forms, offers the advantages of hard rubber, Japaness 
lacquer, celluloid and in many respects excels the prop 
erties of these products. It is not merely a mixture of 
1 so-called ‘‘compound"’ like so many rubber, shellac, or 
other compositions, but a well-defined 
substance of specific properties; it thus 
ant member to the industry of plastics. 

In the synthesis of “Bakelite,” more 
of a laboratory which seems to run 
along lines parallel to those of the delicate physiological 
changes which plant life; it has relation 
subtle which in the Japenese lacquer 
tree engenders the substance known under the name of 
Japanese lacquer. Up till now the latter has 
product of limited applications, and an article of luxury, 
on account of its 
Henceforth material has become available which 
can be manufactured in practically limitless quantities 
and at a price which allows a wide range of uses 

The laboratory method is an improvement oy nature's 
process, not only because the reaction is 
less expensive, but the resulting artificial 


A brief 
is not out of place. 


up-to-date 


resinous chemical 


adds an import 


we have a recent 


instance reaction, 


occur in some 


to the process 


been a 


excessive price, and scant supply 


a new 


quicker and 
product is 


decidedly more resisting to chemical and physical in 
fluences. 
Dr. L. H. Baekeland, the inventor of this process, has 


a record of more than a quarter of a century of research 


in the field of pure and applied chemistry To those 
outside of the chemical profession he is more particu- 
larly known through his inventive commercial achieve 


ments in the industry 
papers, 


of so-called gas-light photographi 
of which ‘‘Velox’’ is the best known representative 

*From an article in the December 
nal of Industrial and Engineering Chemistry, 
by the American Chemical Society. 


issue of the ‘‘Jour- 


published 
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sakelite’ 


longer 


was selected as a simple trade 


] 
less 


for the and expedient 
xybenzylmethylenglycolanhydride 

the layman it is 
formation of ‘Bakelite’ 
arbolic acid 
defined 


and 


chemical name 


For somewhat the 
sub 
under 


upon 


startling that in 
liquid 


should, 


two strong smelling 


tances (c ind formaldehyde) 


certain well onditions, react chemicaHy 
each other 
substance and 
The Bakelite involves the 
distinct and well-defined varieties de 
A,”’ “Bakelite B’’ and “‘Bakelite C 
product, where as ‘‘A’’ and “B 


product to mold or ot 


solidify to a transparent amber-like solid 


entirely devoid of odor taste. 


proces utilization of thre 
signated “Bake 
‘Bakelite C’’ is the 


the tr 





final are ansition 


h enable u the 
material be final 
Bakelite A’ is the initial materia! 
liquid, pasty or solid condition E 
heated at a high 
B then All varieties of ‘‘A,’’ 


liquid, pasty or still 


whic herwise apply 


‘fore its condition 
raw exists in 
this, if 
changes 


they be 


and 


very variety of 


sufficiently temperature into 


into ‘*‘C.”’ whether 


solid, are soluble in alcohol or ace 


tone or in caustic soda, and behave as true resins 

Solid “A’’ is characterized by the fact that it is solid 

it ordinary temperatures, but melts if moderate heat 
applied and stronger application of heat makes it 





infusible and insoluble, by transforming it into “B” 
or: a." 

“Bakelite B’ is an intermediate solid product. It is 
neither so hard nor strong as “‘C,.”’ and may be easily 
mistaken for Solid “A,” but it is different from the 
latter on aceount of its insolubility. Furthermore, it is 
infusible, although the application of heat may tem- 
porarily often it, without, however, bringing it into 
fusion. Solvents do not dissolve it, but some of them 
like phenol or acetone, may soften it or swell it, without 
bringing it into solution. ‘“‘B” is specially characterized 
by the fact that although it is infusible, it will soften 
under the action of heat and then will mold and weld 
together if pressed in a hot hydraulic press. The latter 
fact differentiates it clearly from “C.” 

“Bakelite C” is the final product, resulting from the 
application of heat to “A” or ‘“B,” and may be consid- * 
ered as a chemical polymer of “‘B’ resulting from a mul- 


tiple molecular grouping. It is no yo a resin, be 


cause it lacks all the chemical characteristics of a resin, 
although physically it may resemble amber. In pure 
form, and if made from the first member of the phenol 


group, its chemical formula is represented by C43Hzs07. 


The various uses of “Bakelite” will be better under- 
stood if we mention summarily some of its properties 

The final product, ‘‘Bakelite C,’’ is infusible and can 
resist temperature of 572° F. (300° C.) or over. It is 


solvents, and can 


water 


insoluble in all 
icals, oil, hot steam, 


withstand strong chem 
etc. All this in conjunction 
with its dielectric properties make it an excellent elec- 
trical insulator. It can be compounded with various 
filling materials and shaped or molded, with accu- 
articles of unusual strength It sawed, 
and polished. 


great 
racy to 
turned 


can be 


used to 
rendering 
and 


It can be 
bodies, 


impregnate 
harder 
influences Or it 


wood and otber porous 


them and more 
physical 


‘transparent as 


resisting to 


chemical can be ob 


tained as glass, or colored to suit special 


requirements. 
It can be 
with its 


purchased at a reasonable the latter 
varying different 

Although “Bakelite” 
hard 
these 
ions, are 
than celluloid or 


withstands 


price, 
qualitic 

is stronger harder 
lacks the unusual 
Rods or plates made 
somewhat flexible, 
hard 
incomparably 


than cellu 
flexibility of 
of it, or its 
considerably 
rubber. On the 
better, high tempera 
chemical and physical influences, 
not 
chemicals. It 
like hard rubber, 
which have a 


and 
loid or rubber, it 
both of plastics. 
composit but 
less so 


hand, it 
tures 


other 


und in general all 
the further 


nor by 


and has advantage of being attacked by 
not 
nor nitrous products like ¢ 


disturbing 


solvents most does emanate 
llu- 
influence in some 
applications. If heated in a flame, it does not 
eatch fire like celluloid nor melt like rubber; 
hars, then burns difficulty. 


act of hardening, which engenders the final 


sulphur 
loid, 
electrical 


very 


suddenly 
it simply « with 


During the 


product, there is a shrinkage of about 2 per cent. in 
diameter, or in length. This shrinkage can be lessened 
by the judicious incorporation of filling materials, and 
if the latter be used in large amounts, the decrease in 
volume can be reduced to such a point as to make it 
hardly perceptible. Its specific gravity is about 1.25 


Although the preparatory work connected with the in 


dustrial side of the process has been going on with 
trenuons application since 1907, it was thought advis- 
able not to jeopardize everything by a too hasty, broad- 
cast introduction, before each industrial use had been 
studied for a sufficiently long time, on a practical com 
mercial scale. This conservative way of proceeding is 
not always followed by those who are not sufficently 
aware of the enormous distance that exists between a 


laboratory conception and the practical utilization 
thereof. 

In the meantime, sakelite’’ has been used continu- 
susly during the last two years, especially for electrical 
purposes, while undergoing the test of time and the crit 
teal ovzervations of every-day practice under the eye 
of specialists. This work has been conducted on a suf 











ficiently large scale to remove all doubts as to the prac- 
tical side of the question. 

‘*Bakelite”’ insulators as well as pump valves, 
ind other molded goods are now obtainable from several 
and some electrical manufacturers have begun 
dynamos, motors, ete. 
limit specially 


electrical 


licensees, 
the practical impregnation of coils, 


The General Bakelite Co, will more 


their attention to the chemical side of the process manu- 
facturing the raw materials, just far enough that the 
users thereof can limit their attefition to the mechanical 
side of the problem. A factory plant is being equipped 
now at Perth Amboy, N. J., but in the meantime the 
manufacturing is being carried on in Yonkers. The of- 
fices of the General Bakelite Co. are at 100 William St., 
New York City. 
Se ar 





Repaving the “Loop” District in Chicago 
with Creosoted Wood Block.* 

(With full-page plate.) 

By WILLIAM W. MARR,7| M. Am. 

For years this great city, though building up- 

wards of a hundred miles of permanent pave- 

ments each season in the outlying sections, did 
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*Copyright 1910, by The 
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nothing toward improving the conditions in its 
central business district. The streets in the heart 
of Chicago or the “Loop’’ were paved for the most 
part from 15 to 25 years ago with granite blocks. 
These blocks were laid on a rolled stone foun- 
dation which has since entirely disappeared by 
reason of improper repairs after numerous open- 
ings. The durability of these pavements has 
been remarkable, but, wecount of their worn 
and irregular surface, the terrible jolting to pas- 


on 


senger vehicles and the roar of constantly in- 
creasing traffic has become unbearable. 
The Board of Local Improvements, after mak- 


ing an extended inspection tour of various large 
cities of the country, has taken up this problem 
and has entered upon a campaign which it is 
heped will ultimately give Chicago the best sys- 
tem of pavements in its business center that the 
science of roadmaking and art of construction 
can accomplish. 

The 
tried 
and 


creosoted wood-block pavement has been 
out under various conditions in Chicago, 


has given such general satisfaction that it 


seems now to be only a question of time when it 
will supersede granite block where noise is a 
factor, asphalt for the more highly traveled and 
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better class of residence streets, and brick on the 
more progressive of the small business streets. 

It is the object of the writer to point out as 
many as possible of the causes of failure in this 
class of pavement, and to show how some mis- 
takes may be avoided and better results may be 
obtained. 

During the last year five contracts have 
heen completed for wood-block pavement in the 
These were (1) Randolph St. System, 
comprising Randolph St. from State St. to Michi- 
gan Ave., and Wabash Ave. from Washington 
St. to Randolph St. (5,700 sq. yds. at $3.16); 
(2) the City Hall System, comprising Clark St. 
from Lake St. to Madison, LaSalle St. from 
Randolph to Madison St., Randolph St. from 
LaSalle to Clark St., and Washington St. from 
LaSalle to Clark (10,600 sq. yds. at $3.35); (3) 
Monroe St. from Dearborn St. to Michigan Ave. 
(5,200 sq. yds. at $3.35); (4) LaSalle St. from 
Madison St. to Jackson Boulevard (6,800 sq. 
yds. at $3.42); and (5) Adams St. from State St. 
to Market (5,300 sq. yds. at $3.45). 

All of these pavements were laid on 8 ins. of 
Portland-cement concrete (1:3:6 mix) and 1 in. 
of sand bed. The blocks were of long leaf yellow 
pine, 3% ins. wide, 4 ins. deep and from 5 to 10 
ins. long. The joints, except a strip 18 ins. wide 
along all railway tracks, gutters and around all 
manholes and expansion joints where tar was 
used, were filled with fine sand and the surface 
was covered with \4-in of coarse (torpedo) sand. 
Expansion joints 1 in. wide of paving pitch (‘‘the 
direct result of the distillation of ‘straight run’ 
coal tar’) were built longitudinally along each 
curb and transversely at intervals of 25 ft. ex- 
cept in the Randolph St. system, where they 
were spaced 50 ft. apart. The blocks were 
treated with creosote oil, 16 lbs. per cu. ft. of 
timber. Following is the specification for the 


“Loop.” 





oil used: 


The oil shall be a pure coal-tar product, free from 
any adulteration. It must not contain any petroleum 
oil or any product obtained from petroleum, and shall 
‘ontain not mare than 5% of matter insoluble in benzole 
and chloroform. No oil obtained wholly or in part from 
water-gas tar or oil tar will be accepted. 

The specific gravity of the oil shall be at least 1.10 at 
25°. © 

The oil shall be subject to a distilling test as follows: 

The apparatus for distilling the creosote must consist 
of a stoppered glass retort having a capacity, as nearly 
as can be obtained, of 8 oz. to the bend of the neck, 
when the bottom of the retort and the mouth of the off- 
take are in the same plane. The bulb of the ther- 
mometer shall be placed %-in. above the liquid in the 
retort at the beginning of the distillation, and this 
position must be maintained throughout the operation. 
The condensing tube shall be attached to the retort by 
a tight cork joint. The distance between the ther- 
mometer and the end of the condensing tube shall be 
29 ins. and, during the process of the distillation, the 
tube may be heated to prevent the congealing of the 
distillates The bulb of the retort and at least 2 ins. 
of the neck must be covered with a shield of heavy 
asbestos paper during the entire process of distillation, 
so as to prevent heat radiation, and between the bot- 
tom of the retort and the flame of the lamp or burner 
two sheets of wire gauze each 20 mesh fine and at least 
6 ins. square must be placed The flame must be pro- 
tected against air currents 
The distillation shall be continuous and uniform, the 
heat being applied gradually It shall be at a rate ap- 
proximating one drop per second, and shall take from 
30 to 40 minutes after the first drop of distillate passes 
nto the receiving vessel. The distillates shall be col- 
lected in weighed bottles and all percentages determined 
by weight in comparison with dry oil When one hun- 
ired grams of the oil are placed in the retort and sub- 
jected to the above test, the amount of distillate shall not 
exceed the following: 

» to 150° Cent ade io Geetaree 2% 





Up to 100° Centigrade. .....c cece cerenecccncceves . «/0 
Up te BIG? Comtigrade. ....cccccncceee adie aanube 10% 
Up to 235° Coemtigrade. .....ccccscrcccccccvccccces 20% 
Ui te Sie. COMTIBIAIR oi i560 cssiscenees)ceeeennee 40% 


The contractor shall deliver to the Board of Local 
Improvements an affidavit setting forth that all oils 
used for treating the blocks for this contract are oils 
obtained wholly and entirely from coal tar and free 
from all adulteration, and that there is no materiai not 
a product of coal tar mixed with it. 

The writer has been directed to prepare esti- 
mates for wood block pavement on practically 
every street in this ‘Loop’ district not already 
paved with wood block, or under contract, 
amounting to about 83,250 sq. yds. This is shown 
in the accompanying map, Fig. 1. 

It is not to be supposed that all of this will 
be agreed to by the property owners who must 
pay for it. Some will surely be abandoned at 
the public hearing, as there are streets in this 
list on which the pavements are still serviceable 
and the only objection to them is their noisi- 
ness. It is remarkable that objections to im- 
provements in this district, where land is so 
valuable, are so strenuous and so bitter, but it 
is true that every paving proposition is con- 
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tested more here than at any other part of the 
city. One reason is that owners are almost al 
ways represented by attorneys or agents whose 
one idea seems to be to save their clients from 
any cash outlay, no matter what the merits of 
the case may be. 

An idea of the value of property in the “Loop” 
district may be had from the valuation of the 
land and buildings in the block bounded by 
Washington, Clark, Madison and LaSalle Sts. 
recently made by the Board of Review for tax- 


ation. This block is a fair average of value in 
this district. The total valuation is $10,951,244, 
of which $2,020,251 represents the value placed 
upon the buildings. This corresponds to a square 
foot value of $102, or a front foot value of $8,- 
060, figuring all four sides as frontage. 

If a man with 25 ft. frontage, whose house 
and lot is valued at $4,000, pays $100 for an 
asphalt pavement every 15 years, it represents 
an outlay of 27 cts. per front foot per year, 
neglecting interest, on a valuation of $160 per 
front foot of property. By direct comparison on 
that basis, the property in “The Loop” could 
stand the cost of a creosoted-block pavement 
every six months. 

Paving in a district where there are greatly 
congested traffic conditions always brings forth 
many problems in the way of doing the work 
with as little damage as possible to the public, 
as well as to the various large interests which 
are always involved. During the course of con- 
struction of these pavements last year many 
meetings of officials and interested persons were 
held for the purpose of making or changing plans 
that might expedite the work. The greatest cause 
of delay was the fact that the various public- 
utility corporations had work to do in the streets 
before the paving could be done, and as space 
was limited only one corporation could, as a 
rule, work at one time. Many unforeseen diffi- 
culties were constantly arising which could not 
be avoided, even though all the men that could 
work in the streets at once were employed 
Every minute of time was utilized, including 
nights and Sundays. The fastest work was done 
on Monroe St. from Dearborn St. to Michigan 
Ave., a distance of three blocks. This street was 
started on July 20, 1910, and finished on Aug. 
4. The slowest progress was made on Adams 
St. from State to Market St., five blocks (one 
block from Dearborn St. to Clark St. had been 
previously paved by private contract). This 
street was started Oct. 8, 1910, and finished Dec. 
5. The reason for the slow progress was that 
the paving contractor and all others doing work 
in the street were, by way of experiment, re- 
quired to finish one side of the street before the 
other side could be torn up at all. This proved a 
failure and it was shown that it took nearly 
twice as long to do the work as it would have 
taken if the whole street had been torn up at 
once. 

After the various public-utility corporations 
had completed their work and left the street to 
the paving contractor, the building of new catch 
basins and sewer inlets was started. Creosoted- 
block pavements, perhaps more than any other, 
require good and adequate drainage for the 
double reason of avoiding slipperiness, by keep- 
ing the pavement clean, and of avoiding the dis- 
integrating effects of water on the blocks them- 
selves. In order that a wide distribution of 
traffic should be encouraged and _ slipperiness 
avoided, the crown of these pavements is not over 
S ins. at its maximum on roadways of 60 ft. or 
over 7 ins. in 48-ft. roadways. This necessitated 
numerous sewer inlets on account of the fact 
that the whole “Loop” 
pavement becomes very objectionable when the 


district is level. This 


crown is sufficiently great to make it slippery. 
Where the foundation is reliably strong enough 
to maintain its original position, the crown 
should never be more than enough to carry the 
water with reasonable speed to the gutter. 

The rate of fall in the gutters is not less than 
6 ins. to 100 ft. This is an important consider- 
ation in level territory where it is necessary to 
work between very restricted limits, as for in- 
stance in a narrow street occupied by car 
tracks such as Adams St. from State to Market 


















































































719 
St., which has a roadway of only 38 ft The 
street railway occupies 16 ft. and this leaves 


but 11 ft. on each side to pave. It will be readily 
seen that numerous sewer inlets are 


int necessary 


if a high crown is to be avoided and a rate 
grade of 6 ins. to 100 ft., in the gutter, 
tained. 


ol 


IS main 


The underground work in the “Loop” district i 


so crowded that to build even an inlet connection 
with the sewer is in many cases well nigh 


impos 
sible, and the fact that the sewers in this district 
ire so small and so flat makes it almost impera 
tive that some sort of a catch basin be built at 


built 
each inlet. These sewers were designed many 
years ago without contemplating or providing 
for the enormous growth that has occurred 
since. Chicago has, as yet, done practically 
nothing to control the 


panies that use the space under the streets and 


operation of the com- 


is consequently 
neglect. 


paying very dearly for this 
The roadbeds for these streets were prepared in 
the usual manner by grading and rolling with 
a ten-ton, three-wheeled roller. In a great many 
instances it Was necessary to abandon the use 
of the three-wheeled roller and substitute a two- 
wheeled drum or an asphalt roller on account of 
the numerous manhole covers which obstructed 
the free action of the roller In such cases the 
iron manhole covers were removed temporarily 
ind the brick work of the manhole was broken 
down a few inches below the subgrade so that 
the roller was able to pass over While this 
method has its limitations and is not wholly 
satisfactory, it is believed that very good re- 
sults were obtained considering the difficulties 
encountered 

The. concrete for the foundations was mixed in 
a machine and hauled to its place in dump carts 
It was then spread and tamped to its proper 
elevation Considerable difficulty was had 


keeping the public from running over the newly) 
laid concrete and marking it up with their foot 
prints. The concrete had been made rather wet, 
and in this method of machine mix a great many 
spots showed an excess of mortar on the sur- 
face It was necessary after the concrete had 
set to go over it with a pick and chip off the 
little ridges and then to fill the 
more mortar. 


hollows with 


A great deal of care was taken to get uniform- 
ity in thickness and smoothness of surface in 
the sand bed, but in spite of all precautions some 
places were found to have more than the proper 
amount of sand and some few places no sand 
at all. 
concrete as laid, enough of the surface of the 
conerete was chipped off to admit of at least 
%-in. of sand. 


When no sand could be put in over the 


Where too much sand was used 
trouble invariably followed. -This may have been 
due to the fact that the filler was also sand, but 
from the observations of the writer, it is not 
safe to use much more than 1 in. of sand, no 
matter what the filler is, as it undoubtedly has a 
tendency to move under the action. of heavy 
traffic. 

In one instance the large amount of sand was 
due to an error in setting the stakes for the con- 
crete foundation At this point the stakes were 
set and the concrete was laid at night and the 
shoulder of the pavement was set too low, mak- 
ing a depression in the surface of the finished 
concrete. When the sand was dumped over this 
spot and spread out to fit the street railroad 
tracks on one side and the gutter on the other 
side it was not noticed that so much sand ex- 
isted in the center, and it might have escaped at- 
tention entirely had it not been for a manhole 
cover which had to be raised Upon investi- 
gation it was found that the sand bed at this 
point was something over 3 ins. thick and ex- 
tended each way from the manhole cover for 
about 20 ft. On account of the Knights Temp- 
lar conclave it was necessary to hurry the street 
to completion and so the surface of the concrete 
was not brought up. The paving was placed 
over this spot at its proper grade, but within 
three weeks after the street was thrown open to 
traffic a noticeable depression in the surface took 
place and practically every block over this en- 


tire area showed bad cracks This happened in 
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front of a new building which is nearing com- 
pletion and all of these blocks will be removed 
as soon as the building is finished. 

Where sand is used as a filler, some provision 
should be made for draining the sand bed. Other- 
wise floating blocks and washouts near the sewer 
inlets may be expected. One case of this aross 
on Monroe St., just east of Dearborn St. The 
catch basin had leaked and had been stopped up 
pending repairs, so that a heavy rain in the 
meantime caused water to collect and stand for 
some time over this catch basin and the ad 
jacent pavement. Some time afterward it was 
discovered that the sand bed had “started,” that 
the blocks were floating and a large amount of 
sand was being pumped up through the joints to 
the surface of the pavement by the action of 
traffic. 

Mr. Charles K. Mohler, Consulting Engineer, 
recently suggested that we use a coarse sand for 
the bed in order to reduce its tendency to shift 
under the action of traffic. This, the writer be- 
lieves, is a very excellent suggestion, but he 
also believes that coarse sand has a greater 4nd 
more far reaching source of value in that it 
would facilitate drainage. By spreading fine 
gravel around a suitably constructed sewer inlet 
the water of the bed could percolate through 
and drain off without carrying the sand with it. 
On examining the sand bed, exposed when open- 
ings were made, on two occasions recently the 
sand was found to be thoroughly saturated with 
water and no rain had fallen for some time pre- 
viously Both the places were near sewer inlets, 
which fact of course may have had some bear- 
ing on the case. Still it is believed that the whole 
hed must have had more water in it than it 
would have had if proper means of draining had 
been provided. 

The importance of competent inspection and 
“culling” of the paving blocks can hardly be 
overestimated. Unless a very uniform quality of 
material is used failure is sure to follow. lor 
this reason the writer has thought that a few 
illustrations of the commoner causes for rejection 
of blocks on the street might be of interest. 

Fig. 9 is a photograph of a block cut from too 
rapid growth timber. The number of annual 
rings being less than six to the inch measured 
from the center of the heart, the block must, 
under our specifications, he rejected. Fig. 6 is a 
photograph of a block with a “red heart,’’ show- 
ing evidences of decay so that it is to be re- 
jected. Fig. 10 is a photograph of a block with 
This is a® dangerous block and 
is always rejected. 


block with numerous fine cracks known as sun 


a “wind shake.” 
Fig. T is a photograph of a 


cracks, the result of exposure to the weather. 
This block would be rejected if it was the same 
on both ends. But by turning it over the other 
end is found to be sound as shown by Fig. 8 and 
is therefore accepted and used. 

Many blocks on being split for the purpose of 
making mitres or closures show white on the 
inside and appear to have received very little 
treatment This is a cause of a great deal of 
complaint from those who are anxious to see the 
best result obtained and who are not familiar 
with the reason for blocks having this appear- 
ince. As very great numbers of blocks are 
treated at one time, it is not reasonable to sup- 
pose that a few blocks could have received a less 
pressure and treatment than the balance have 
had, so it can safely be assumed that these 
blocks which do not show so great a penetration 
as the rest are simply incapable of taking the oil 
on account of their pores being already filled with 
resin Blocks of this sort have never given any 
trouble and are consequently never rejected. 

Quite a little trouble has developed in the ac- 
cidental use of blocks of less than the standard 
depth. The variation is not usually over 4-in. 
ind the discrepancy does not make itself ap- 
parent until after the pavement has been open 
to traffic. Rolling and cross rolling with a much 
heavier roller than is commonly used seems to 
be the most feasible means of overcoming this 
difficulty. 

As uniformity in the character of material 
ised is most important, one competent inspector 
should pass on every block in a_ well defined 


area, which area should be made a mutter of 
careful record in order that the inspector may 
feel his responsibility and that he may later 
be held to account if defects develop. 

It is a mistake for any city to have more than 
one standard width of blocks, because when it 
becomes necessary to make repairs it is very 
difficult to do good work unless new blocks of 
the same width as the original blocks are avail- 
able 

The amount of oil which should be forced into 
a cubic foot of timber should vary with the size 
of the block, the kind of timber, the filler and 
the conditions of traffic under which it is to be 


used. The writer is of the opinion that 10 or 12 
lbs. per cu. ft. in blocks of 3% 4 ins. cross 


section for heavy traffic streets is ordinarily 
ample, though where sand is used for a filler 16 
lbs. might be advisable on account of the in- 
creased liability of water absorption W here 





Fig. 6. Red Heart. Fig. 7: 





Fig. 9. 


Too Rapid Growth. 


FIGS. 6 TO 10. 
BLOCKS. 


cleaning of the streets is infrequent more oil 
should be used than where cleaning is regularly 
and thoroughly done. Of course, the amount of 
oil which should be used depends on local con- 
ditions of atmosphere and temperature. For 
any one place as Chicago, for instance, it should 
be regulated by traffic conditions, by the thor- 
oughness and frequency of cleaning, by the 
amount of sprinkling it receives, by whether it 
gets the sun or is continuously shaded as by 





Sun Cracks. 





Fig. 10. Wind Shake. 


COMMON IMPERFECTIONS IN WOOD PAVING 





high buildings or an elevated railroad, by the 
degree of perfection in its drainage, by the suc- 
cess with which water can be kept from the bed, 
and by the care with which it is to be main- 
tained. 

The most serious objection to creosoted-block 
pavement rises through known as 
“bleeding” of the blocks. When this occurs the 
oil which is used in treating the wood comes to 
the surface in the same manner as the resin 
comes from a pine knot exposed to the summer 
sun. If pitch has been used as a filler, and es- 
pecially if any excess pitch has remained on the 
surface of the blocks, the condition of the street 
on a warm day is insufferable. 


What is 


As this class of 
pavement is used largely on streets where the 
surrounding property is valuable great damage 
results. The oil and tar are carried into the 
residences, hotels and office buildings, ruining 
fine carpets and rugs, as well as the clothing of 





Fig. 8. Reverse of Sun-Cracked 


Block. 


those who cross the street. The 
storm of protest reaching the 
Board of Improvements 
from those injured by such condi- 
tions during last year and the 
early part of this year, caused it 
to abandon pitch as a filler and 
to substitute fine sand. 


Local 


Bleeding is a serious problem, 
well worth consideration, and 
from its very nature it is evident 
that each street will produce its 
own peculiar features and re- 
Bleeding 
can come from a too resinous 


quire its own solution. 


wood, from improper seasoning, 
from an excess of oil, or from 
an excess of paving pitch which 
combines readily with the pre- 
servative. Too wood 
should be rejected at the plant 
and proper 
upon. 

When the life of the pavement 
is of paramount importance, a 
good paving pitch should be used 
to fill the joints. The melting 
point should not be so high that the material is 
very brittle at ordinary temperatures. It should 
be applied very hot and all excess of pitch should 
be quickly removed from the surfece of the 
blocks. For long life, the wood should have a 
heavy treatment of oil for the conditions under 
which it is to serve, varying in amount for long- 
leaf yellow pine, for instance, from 20 Ibs. per cu 
ft. of timber as a maximum to 10 lbs. as a mini- 
mum, depending on the considerations above noted 


resinous 


seasoning insisted 
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If bleeding occurs, sand or limestone screen- 
ings should be spread over the pavement and, if 
this does not do all that is desired in the way of 
taking up the excess of pitch and oil, the pave- 
ment should thoroughly cleaned at the first 
favorable opportunity with hot shovels. One or 


two cleanings will all that is ever 


be 


probably be 
necessary. 

The finds 
ment of over 16 Ibs. 
ditions. 


writer reason to favor a treat- 
per cu. ft. for Chicago con- 
West Taylor St., luid in 1904, shows no 
signs of failure from either rot or wear, and the 
conditions under which it has served have been 
unfavorable. The traffic is very heavy; 
the roadway is narrow (88 ft.); it has a double- 


no 


most 


track street railway; it is in a very poor dis- 
trict and is always more or less dirty with 
garbage and refuse of all sorts. The wood in 


this pavement is long leaf yellow pine and was 


treated with 12 lbs. of oil per cubic foot. The 
blocks were laid on 6 ins. of Portland-cement 
concrete and a 1-in. sand bed. Expansion joints 
filled with coal-tar pitch were built 1 in. wide 
along the curbs and transversely %-in. wide at 
intervals of 100 ft. 


The writer had a block taken up from a point 
half way between the car track and curb on this 
street on Dee. 1, 1910, after six years’ wear, and 
that it measured 3.9 ins. in depth on one 
end und 3.85 ins. on the other end. Fig. 11 
photograph of this block split in half and the end 
of a new block of the same depth as the old one 
when first laid. The wear is inappreci- 
able, and the wood fibers seem to have been un- 
the many and eight-ton loads 
passing over it. Out of curiosity the writer had 
an analysis made of the wood in this block to 


found 


is a 


Was 


by six 


injured 


determine the amount of oil per cubic foot of 
timber in it. The result of this analysis was 
19.62 lbs. per cu. ft. As there is no way of 
knowing what the block contained originally, 


the experiment proves nothing but it is interest- 


ing to note that a block 
having all the physical 
characteristics of an 


average specimen of yel- 
low pine timber should, 
after six years of use con- 
1 lbs. from what 
was originally a 12-lb. 
treatment. It is the 
lief of the writer that 
timber will take treat- 
ment in direct proportion 
to its requirements. 


tain 


be- 


The writer believes that 
eareful attention to 
of 


Will add greatly to the life 


more 


details construction 


of the pavement and that 

the tendency is to use 

too much oil, a_ large FIG. 11. A WOOD 
percentage of the cost 

of which might much better be put into main- 


a “stitch in time,’ 
reduction of the 


tenance, on the old theory of 
and with an accompanying 
probability of bleeding. 
Outside the street-railway 
Chicago have always been laid at an angle of 
about 45° the center line of the roadway. 
This is matter of custom than anything 
the writer believes there are 
reasons why block should be laid 
angles to the center line of the pavement. 
method would avoid the costly and 
tory miter at curbs, car tracks, and at manhole 
Better work could be done with a poorer 
of and a great deal of material 
be The argument of calks in 
horses shoes starting the joints, or the contention 
that wheels traveling over and parallel with the 
longitudinal joints will open them, does not seem 
to have much foundation in fact. Where blocks 
laid at an angle of 45° to the center line of 
the street no block should be permitted in mak- 
ing a closure which has a side less than 4 ins. in 
length. This requirement enforced in the 
construction of all the new pavements put down 


tracks, blocks in 
with 
more a 
several 
at right 
This 


unsatisfac- 


and 


else, 


good 


covers, 
workmen 


class 


could saved. 


ure 


was 


in the loop, but it necessitated a large loss of 
material. This loss could not well be avoided 


except by running the courses as suggested above. 


The blocks in these pavements were laid closely 


together and frequently driven into nearly 
straight lines with a sledge. After a section had 
been laid and culled a man with an iron bar 
would go along and pry the blocks in each row 


tightly together, substituting a longer block for 
Where the opening made. After thor- 
ough rolling, culling all bad blocks and breaking 
all joints, sand was spread over the surface to a 
depth of about half an inch. It is 


one was 


very remark- 
able that while the blocks had been laid very 
closely together and forced by means of the iron 
bar before referred to into close contact in a 
transverse di ection that within a few moments 
after applying the sand all joints would show 
plainly openings at least one-eighth of an inch 
and a great many one-fourth of an inch wide. 
This must have been due to contraction of the 
wood following the application of cool damp 
sand to the warm blocks. 


It took a great deal of labor and pains to fill 
the joints full with sand, it being necessary to go 
the whole three or four times with 
brooms to accomplish it. Sand for this purpose 
should always be heated and used hot. Heating 
will pay for itself all this can 
done away with when the sand is really dry and 
hot. After the sand had completely filled 
the joints, the torpedo sand was spread 
over the pavement to a depth of 
and the street was thrown open to traffic. 

The rolling of the blocks was found to be a 
most important factor in the and 
evenness of the finished pavement. 
on the last three contracts with a drum roller of 
weight—3,925 Ibs. the small 
7,180 lbs. the larger while 
coal and water. The wheels were 41 
wide. The writer believes this too heavy for 
a first rolling, as large numbers of good blocks 
were broken by it, and that it was not as heavy 
for final surfacing. The rolling was 


over area 


as brooming be 
fine 
coarse 


about Y4-in 


smoothness 
It was done 
about five tons on 
wheel 
with 


ins. 


and on loaded 


man, 


as desirable 





PAVING BLOCK AFTER SIX YEARS’ WEAR. 


always 
where 
tions. 


done in at least two directions and, 
there car tracks, in three direc- 
The roller used broke a good many blocks 
the sand bed happened to little 
more than one inch, or where a block rocked on 


concrete or 


were no 


wherever be a 


a projecting ridge of 
broken stone. It is 


a loose piece of 
advisable the 
writer to provide for two weights of rollers, one 
a light baby steam roller, or even a hand roller, 
to give a first settlement to the blocks and to 
prevent their being broken by the second rolling, 
and the second a roller of at least ten 
weight for the final settling. The 
the surface resulting from this method 
more than compensate for the additional 
the rolling. 

In paving Wabash Ave., on which there is an 
elevated railroad (the ‘“‘Loop” the vibration 
transmitted through the supports of the struc- 
ture to the pavement, the sand filler 
which had been spread over the surface to work 
down through the joints and under the blocks. 
After work had progressed little distance 
on one side of this street it was noticed that the 
blocks around these pillars were too high and 
accordingly they were lowered. When it be- 
necessary to lower them the second time 
of the trouble discovered. After- 


believed by 


tons 
evenness of 

would 
cost of 


line), 


caused 


some 


came 


the cause was 


ward tar 


posts and 


was used to 


further 


fill the 
troubl 


joints around all 


no Was experienced. 
To make a pavement stand up alongside street- 
railway tracks and around manhole covers, has 


long been recognized as one of the most trouble- 


some problems with which the road builder has 
to deal. It has been the observation of the 
writer that while the vibration of the rail along 
street railways is an important factor in the 
destruction of the adjoining pavement it is the 
combined action of water and _ vibration that 


does by far the greatest part of the damage and 
that, wherever tracks and pavement drain rapidly 


and thoroughly, comparatively little trouble is 
experienced. He believes too much stress can- 
not be laid on this point. Chicago’s street rail- 
ways have in the past two or three years been 
entirely reconstructed and the opportunities for 
studying this question are many. The new rails 
are imbedded in a heavy concrete foundation 
which extends about 18 ins. out from the rail. 
This reduces vibration to a minimum, and yet, 


wherever any water is held, the adjoining pave- 
ment goes to quickly did 
On the other hand, where the is good, 
there are as yet no signs of failure 

In paving LaSalle St., the granite blocks (brew 
paving) along the rails, which had been put in 
by the railway company, by mistuke al 
lowed to remain, and quite a stretch of the new 
creosoted block pavement had laid 
the matter came to the attention of the 
Who at once directed the contractor to 
granite blocks removed. On of 
rights, and the question of should 
expense, the contractor 
railway company to 
erty. By the time the railway 
the work, all the west side the street in 
block, from Madison St. to Monroe St., was 
The granite blocks, however, were duly 
removed, and the contractor set about filling in 
the space with creosoted block. <As the granite 
was much deeper than the wood blocks that took 
its place, it was decided to bed the latter in lean 
mortar. The work was finished in this 
and is a better job than has been obtained in the 
regular way. 


pieces as as it ever 


drainage 


were 


before 
writer 
the 
property 

the 
the 
prop- 


been 


have 
account 
who bear 


made a demand on 


come and remove its 


company got men 


on of 
the 


paved. 


manner, 


Next year, the writer will provide in the speci- 
fications that the pavement along street railways 


shall be laid flush with the rail, making no al- 
lowance for settlement, and then rolled away 
from the rail so that no part of the paving is 
ever above the rails and that before the filler is 
applied the blocks fur a space of 1 ft. from the 
rails be taken up and relaid on dry mortar care- 
fully and accurately to the level of the rail. If 
this is done it will be possible to get a more 
uniform surface, more uniform strength, more 


perfect drainage and, through the greater rigidity 
of the mortar bed, an easier transition from the 
rail to the resistant surface of the 
ment. The joints along the brow will be 
with paving pitch to provide for expansion. 
be done 
in the same manner, taking care that the mortar 
bed does not form a dam and interfere with the 
drainage of the sand bed. No allowance should 
be made for probable future settlement or wear 
of the pavement. These unknown quantities 
which cannot be predetermined. The wear on a 
creosoted-block pavement, leaving out the jarring 
the which is reduced to a mini- 
mum by making them flush with the surface of 


less pave- 


filled 


Paving around manhole covers should 


are 


over manholes, 


the pavement, is very little for a long time. 
When wear does occur it is a small matter to 
make necessary repairs. On the other hand, if 
the manhole cover is set too low the surface is 
never smooth, no matter how many repairs are 
made. 

The writer favors sand over mortar as a bed 


for blocks because it permits of a smoother sur- 
face; it permits of drainage which will be neces- 
sary in time no matter how with 
what material the joints are filled; it of 
greater latitude in making repairs, that is, it is 
not necessary to close up the street after repairs 
have been made and good work can be done with 


carefully or 
admits 


less skilled men, and because it affords some 
protection to the foundation. 
Expansion joints should be made to fit the re- 
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quirements of each particular case and should be 
sliding scale of width and frequency, 
depending on the temperature at which the 
laid and tightness with which they are 
driven together. The present width of the trans- 
verse joints in the pavements laid last 
about %¢-in. wide, while they 
originally 7% to 1% ins. wide and 25 ft. 


made on a 


} 


blocks are 


summer 
averages were 


apart on 


all but the Randolph St. system. On two oc- 
casions there was trouble from swelling and 
heaving of the blocks Both these ‘“‘explosions” 
occurred in the same cross section of pavement 


ane on the north and the other on the south side 
of Randolph St., opposite an alley near Michigan 
Ave. The through mistake, of the 
longitudinal expansion joint, was largely respon- 
sible for the accidents. 


omission, 


eee 


A Comparison of Electric and Gasoline Driven 


Blast-Hole Drills. 

By B. G. COPE.* 
The tests which have been conducted by 
a number of quarry people in the past two years 
have amply that the method of 
large holes and heavy charges is the most prac- 
tical proposition for producing broken 
quarries where the face of the quarry is 12 to 
15 ft. or deeper. One of the quarrymen’s great- 
est worries is producing the stone fast enough 
for the the plant. The drills 
solved this problem and eliminated the bad 
and a big item in the pro- 
duction, as it requires on an average 50% less 
drill hole considerable less 
explosive saving 


many 
demonstrated 


stone in 


capacity of well 
have 
feature expense of 
linear feet of and a 
quantity of 
waiting on the crusher. In 
of the larger quarries as many as ten well 
drills have been installed dispensing entirely with 
the large tripod outfits 

In ascertaining the kind of 


besides 
stone for 


delays in 
available 


some 


power most suit- 


able for operating blast hole drills of the well 
driller type, on a given quarry work, much de- 
pends on the power used in the quarry and its 
adaptability and convenience for supplying the 
motive power on outside portable outfits. The 
drill should make from 60 to 64 strokes per 
minute, at which speed it will drill the maxi- 


inum number of feet per hour. Changes in speed 


of the driving engine or motor make no ma- 
terial difference with most ordinary quarry 
machinery and is probably unnoticed. With the 
well-type driller, however, a change of speed 


makes a great deal of difference; it not only de- 
creases the cutting speed but throws the drill- 
ing cable out of adjustment as the cable, prop- 
erly adjusted when running at 60 strokes per 
minute, is not of the right tension when reduced 
to 40 or 50 strokes; therefore to drill rapidly it 
is necessary to have an even, regular power as 
the slacking of power every five minutes 15% to 
20% the drilling rate at least 25% 
figuring the time lost during the 
it will soon for the fuel of an 
power the machine, es- 
this be a gasoline engine. 


cuts down 


to 30%, and 
ten-hour run, 


independent 


pay 
plant on 
pecially it 


Electric power for operating blast hole drills 
of this character is satisfactory under very 
favorable conditions; in other words, if the 
power supplied to the drill can be constantly 


maintained without a marked degree of fluctu- 


ation of voltage, it gives an ideal service in 
every respect. But in a big majority of cases 
the operation of electric motors oh churn drills 
is not entirely satisfactory as a great many 
strokes of the tools are lost, due to the drop- 
ping of voltage, which is caused by starting the 
various quarry machines in the average quarry 
outfit, the average distribution lines being in- 
adequate for close regulation with alternating 
current. It is not always convenient or ap- 
parently does not justify the installation of a 
separate transformer for each drill, so that the 


line for the drill is usually taken off at any con- 
venient point with the result that the speed of 
the drill changes as the driller is moved about, 
due to the varying voltage at different points on 
the distribution line. 

The company with which the writer is 
ciated has furnished many electrically driven 


asso- 


*Orrville, Ohio. 





outfits and they have all been satisfactory to the 
customers. Some 
the current from 
current 


have been installed drawing 
where the fluctuation of 
noticed; with others the 
fluctuation was very pronounced. While the cus- 
tomer was satisfied and, in his opinion, the drill 
Was running perfectly, 
with a large 


lines 


was scarcely 


yet from our experience 
number of electric plants under 
favorable and unfavorable installation, and with 
gasoline and steam power, it was quite evident 
to us that the electrical driven machines work- 
ing under conditions would have 
shown a much larger earning capacity had they 
been driven by a power which would have main- 
tained a and uniform 

it 16. matter to 
of an 


unfavorable 


constant 
difficult 
electrically operated quarry 
are not always best to use on 
are such a decided 
machines 


speed. 

the owner 
plant that 
a @qrill. 
success on all other 


convince 


motors 
They 
classes of 


around a quarry that he 
can hardly appreciate that a drill is vastly dif- 
ferent in its requirements. He usually insists 
on motor-driven machines, though he will not 


always go to the expense of securing favorable 
conditions. There is scarcely an objection to 
this kind of power when once properly installed, 
for the maintenance is very small. The string- 
ing of the wires to the point where power is to 
be used covers the only expense necessary in its 
installation, and in most cases this is very small. 
Motors for this work must be of some variable- 


speed type and may be for either direct or alter- 


nating current according to the quarry system 
where the drills are to be used. They must be 
fitted with resistances and controllers so that 
the speed may be varied to suit the require- 
ments of the materials encountered. Motors 


giving the best results on this class of work are 


belted direct to the driving mechanism of the 
drill. Back-geared motors are not so _ well 


adapted on account of the rapid wearing of the 
gears, due to the jerking motion and intermit- 
tent load on the cable, causing back lashing of 
the gear, which soon becomes very noisy. It is 
an entirely different service than when the load 
is constant, in which event the back geared 
motor works very well. 

The power that gives universal satisfaction, 
under all conditions and is best for economy and 
reliability, is gasoline. The average man will 
shy at the mention of a gasoline engine. He can 
think only of the troubles with this power which 
he saw a few years ago. There are good and 
bad gasoline engines, just as there are good and 
bad steam engines and electric motors, but the 
gasoline engines which are being used to-day on 
drilling outfits are just as reliable in the hands 
of a man competent to run a piece of machinery, 
as steam can possibly be, and they have many 
advantages over any steam engine. With the speed 
under complete control, with a circulating pump 
for handling the water for cooling the cylinder, 
a perfect igniting system and a simple means of 
adjusting the explosive mixture, gasoline engines 
fully as reliable can possibly be. 
Gasoline engines have given entirely satisfactory 


are as steam 


service on blast-hole drills. They are absolutely 
portable and independent of power plants. There 
are no wires to string or take care of and no 
alteration necessary other than starting, stop- 


ping and oiling—just the same kind and amount 


of attention that is required in the electric- 
motor outfit. 
An engine of the vertical type is best suited 


for drilling, as the vibration is in the same di- 
rection as the dropping of the tools, whereas 
with a horizontal engine the vibration tends to 
rock the drill and to interfere with the stroke 
of the tools, thus detracting from the efficiency of 


the drill. They may be made _ strong, compact 
and substantial. 
Records have been established in a number 


of limestone quarries by drilling more than 7% 
ft. per hour of 5%-in. hole. This gives this class 
of drill a place which was not thought of a few 
years ago. In Engineering March 11, 
1909, p. 268, a gasoline self-propelling well-drill 
designed by the writer was noted. This has 
proven desirable for general use and has helped 
to demonstrate the practicability of the gasoline 
drive for drilling. 


News, 


William Henry Bryan. 
By E. D. MEIER, Am. Soc. M. E. 

On Dec. 5 there pased away, in the fullness of 
his manly strength, William Henry Bryan, Chief 
Engineer of the Board of Education of the City 
of Chicago. 


President 


Mr. Bryan won this office at a competitive civil 
service examination last spring. His 
ment had been delayed until Novy. 28, 


that day he the duties of his office 
With his 


cheerful energy. Just 
one week later, after a day of strenuous work at 
his desk, he retired as usual, but to a sleep that 
knew no waking. 

Wm. H. Bryan was born Aug. 14, 1859, at 
Washington, Mo., and was the son of Capt. 
Archibald Bryan, a pioneer steamboat man, from 
whom he inherited a 
One of his 


appoint- 


and on 
entered on 


characteristic 


fondness for mechanism. 
the famous Daniel 
Young Bryan was sent to 
the country schools, but spent his vacations on 
steamboats, mastering in turn every duty from 
roustabout to Entering the preparatory 
department of Washington University, St. Louis, 
in February, 1876, he joined the freshman class of 
the School of Engineering in the fall, and there 
came under the inspiring influence of that engi- 
neering enthusiast, Prof. Chas. Smith. Mr. Bryan 
graduated in 1881, with the degree of M.E. His 
vacations were utilized in learning telegraphy and 


ancestors 
Boone of Kentucky. 


was 


master. 


other railroad practice in the shops of the 
Missouri Pacific R. R. 
His first work was as a general assistant 


erecting engineer and salesman with Frank H. 
Pond. Next he was made local manager of the 
George F. Blake Co. Then he became Secretary 
of the Pond Engineering Co., and in 1889 was 
appointed Secretary and local manager of the 
Heisler Electric Light Co. of St. Louis, which 
was then developing a system of long distance 
series incandescent lighting. In 1891 he went to 
Chicago as Manager of the Western Branch of 
the Yale & Towne Co. Since 1892 he had prac- 
tised as a consulting mechanical and electrical 
engineer in St. Louis, and has been gradually 
but steadily gaining recognition and prominence 
by his straightforward honest methods of carry- 
ing on his practice. 

Some of the principal works with which he had 
to do were the water-works of his native town, 
the power plants of the Imperial Light, Heat & 
Power Co. of the Coliseum, of the Grand Leader, 
of the Eli Walker Building, and of Ferguson & 
McKinney. 

He joined the St. Louis Engineers’ Club in 
1884, serving four years as Secretary, three years 
as Vice-President and one year as President. He 


became a member of the American Society of 
Mechanical Engineers in 1891, and since 1906 


has been an active and influential member of its 
Meetings Committee. In that position he 
mainly instrumental in inaugurating and con- 
ducting a system of local meetings in St. Louis. 
He was also a member of the American Society 
of Heating and Ventilating Engineers, of the St. 
Louis Railway Club, of the Mercantile Club, of 
the American Water Works Association, and 
Secretary of that Association’s Committee on 
Depreciation, and President of Washington Uni- 
versity Association. 

A close student, a keen 
worker, he found time for many professional 
papers and addresses, covering steam power, 
smoke abatement, heating and ventilation, water- 
works, Western river steamboats, street railways, 
etc., including also ethical, commercial and his- 
torical questions of particular interest to the en- 
gineer. 

He was married in 1885 to Miss Mary Ruge, of 
Washington, Mo. His widow, two sons, three 
daughters, his aged mother, two sisters and three 
brothers survive him. 

His loyalty to his friends, to his profession 
and to scientific societies, his rugged honesty, his 
kindness of heart, plain speech and devotion to 
duty, endeared him to all who knew him, and 
inspired his St. Louis colleagues to apply to him 
the epitaph framed by the great English bard: 

“His life was gentle, and the elements 


“So mixed in him that Nature might stand up 
“‘And say to all the world, ‘This was a Man’!”’ 


was 


observer, an untiring 
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ago a number of appliances 


were in extensive use which involved the use of 


Twenty-five years 


Water from city water-supplies to develop power. 
At that time water under pressure was prac- 
tically the only generally available power for 
Electric motors were still in 
the future and so, for that matter, was the gen- 
eral distribution of electric current. The gas en- 


small motors. 


gine also was in its infancy, and the gasoline en 
gine was unknown. 

The most extensive use of water for power pur- 
poses was probably for hydraulic elevators. The 
elevators were generally of low lifts and slow 
speed, and at the time of which we write a great 
many such elevators were in us¢ Originally, 
the installation of these power-developing de- 
vices, hydraulic elevators, water motors, ete., Was 
encouraged by water companies and municipal 
water departments. It was thought to be good 
business to encourage the use of water in this 
way. Many of these appliances were installed on 
a flat-rate basis, and superintendents of water- 
works were frequently ignorant of the amount of 
water such devices consumed. 

With the increasing demand for water, how- 
ever, and the growing scarcity of sources of sup- 
ply, as well as the demand for much better 
quality in the water furnished, the tendency has 
long been toward the disuse of such wasteful 
devices and to confine water-supply systems to 
their legitimate purpose of distributing water for 
use as water. We are therefore surprised to 
learn that in some New England cities hydraulic 
elevators using direct pressure from city mains 
still continue in use. We learn it, however, from 
the published announcement that their use is to 
be discontinued. In Springfield, Mass., the Board 
of Water Commissioners has announced that at 
an early date the furnishing of water for running 
elevators will no longer be permitted. In Wor- 
cester, Mass., as a result of a threatened water 
famine it has just been announced that elevators 
taking water from city mains will be cut off at 
an early date. 

The strange thing is that this action should 
have been delayed all these years. A _ city’s 
water-supply distribution system is not and ought 


not to be considered a system for power distribu- 
tion. It is a wasteful way of using water to put 
it to such a purpose. The cities are extremely 
few and far between which can afford any 


waste of their public water-supplies 


such 


a ame 


We commend ‘+o those of our readers interested 


in waterway improvement, two papers printed in 
the current issue which were read at the 


recent 
annual convention of the National 


Rivers and 
Harbors Congress held at Washington this month 
One of these papers is by General Wm. H. Bix- 
by, Chief of Engineers; the other is by Mr. F. A 
Delano, M. Am. Soc. C. E., President of the Wa 
bash Ry. 

Many of our readers will recall that the “slo- 
gan” of those who have been promoting the Lakes 
to the Gulf deep waterway scheme has been “14 
feet through the valley.” But both General Bixby 
and Mr. Delano present convincing reasons why a 
channel of such a depth would be no more 
nomical as a transportation route than a channel 
of S or 9 ft. depth. 


deeper waterway 


eco- 


In fact transportation on the 
would be more expensive when 
the greater cost of its construction was taken into 
account. And as Mr. Delano shows, the cost of 
making and maintaining a channel is as much a 
part of the cost of water transport as the cost 
of grading the roadbed and laying the track is 
part of the cost of railway transport 

We have already called attention in these col- 

mns to the fact that depth of channel is not at 
all the controlling economic factor in river trans- 
port that it is in ocean or lake transport. The 
arguments of Gen. Bixby and Mr. Delano present 
still further reasons why the agitators for unlim- 
ited Government expenditure on deep channels are 
leading the public astray. 

There is, however, still a further reason why 
deep waterways are not as economical for inland 
transport as waterways of moderate depth. That 
reason, in brief, is the added cost of terminals for 
deep draft vessels compared with shallow. 

As has been hitherto pointed out in these col- 
umns, the cost of transportation by either rail 
or water at the present day is in the majority of 
cases more influenced by the terminal costs than 
by the cost of hauling between terminals. Both 
Gen. Bixby and Mr. Delano point out that if in- 
land water transportation is to be revived, mod- 
ern efficient piers and docks and warehouses must 
be provided, so that freight may be safely and 
cheaply handled at the beginning and end of this 
journey. The annual interest and maintenance 
charge on the invéstment in these terminals and 
the cost of operating them is just as truly a part 
of the cost of water transportation as the wages 
of station agents and the repairs of station build 
ings is part of the cost of railway operation. 

Evidently, then, if water transportation is to be 
made cheaper than rail transportation it will not 
do to make waterway terminals too expensive 
Every engineer familiar with dock and pier con- 
struction knows how rapidly the cost of such 
work increases with every foot increase of draft 
of vessels that are to be taken care of. 

But the waterway enthusiast may argue that 
the cost of these waterway terminals will be paid 
by the municipalities anyway so that the river 
steamboat men might as well strike for the deeper 
channel. It will be a good while, however, be- 
fore the towns along the Mississippi and its 
tributaries will undertake the extensive and ex- 
pensive river front improvements which all now 
agree are necessary if the steamboat business is 
to be revived on these waters. And if piers and 
docks must be built for boats of 14 ft. draft, 
there will be few towns in the Mississippi valley, 
we fear, that can afford at all the large expen- 
diture which will be necessary. 


+ mcaibietesial 


The City of Los Angeles is building a water- 
supply aqueduct 240 miles long with a capacity 
of some 260,000,000 gals. of water per day. Only 
a tenth of this water is at present needed for 
distribution in the city, leaving 230,400,000 gals. 
Further, at various 
points atong this conduit large amounts of water 
power can be developed and the city is already 


available for other purposes. 


committed to the idea of de 
ing this power. 
We print in this issue the 


veloping and market- 


engineers’ recom- 
mendations to the peopl 


posal of the 
dro-electric 


concerning the dis- 
surplus water, and of the hy- 
power. It may be said that 


these matters are 


matters of business and 


economics rather than engineering; but we think 
it a fine thing that engineers are taking the lead 


in dealing with these matters. Particularly 
worthy of notice is the way in which the prob- 
lem and proposed solutions of it have been pre- 
sented to the public. The engineers’ recommen- 
dations as to the municipal policy to be pur- 
sued have been presented before public mee tings 
held two or three times a week during a period 
of some two months. At these meetings citi- 
zens and representatives of various associations 
have been asked to express their views and to 
criticise the plans proposed by the city’s engi- 
neers. It is reported that neither attendance 
nor discussion has been lacking in these open 
forums 

In building an aqueduct with a capacity to fur- 
nish five times the present water consumption, the 
city has looked to the necessities of the distant 
future. At the same time, the financial needs of 
the present must be met. If only water enough 
for the city’s immediate 


the old supply, 


needs, over and above 
were to be brought down the aque- 
duct, only tenth of the aqueduct capacity would 
be employed but the water users or the city 
have to carry the whole 


burden of fixed charges on the conduit, the total 


taxpayers would 


cost of which is set at $26,750,000. Further, if 
the aqueduct were used to only one-tenth its ca- 
pacity, it would be impossible to economically de- 
velop power from its flow. On the other hand, 
the surplus water cannot be brought down from 
the mountains and simply turned loose to find its 
Way to the ocean, as serious land damages might 
be caused. It is, therefore, proposed to apply 
this surplus water to the irrigation of farm lands 
in the districts adjacent to the city. 

It is stated that the amount of water needed 
per acre for crop irrigation in this section and 
the water required for household supply when the 
Same aréa is built up and becomes part of the 
city are not very different. It is proposed that 
the land owners receiving water for _ irrigation 
shali pay a “bonus” of $50 per acre, in addition 
to an annual charge of $10 per acre for the ser\y 
ice. If all the surplus water were disposed of in 
this way, the bonuses received would enable the 
city to pay off 25% of its total investment in the 
Owens River Aqueduct and its appurtenances, 
imounting as above stated to $26,750,000. The 
annual income from irrigated lands if this scheme 
is carried out, would yield 5% on the remaining 
$20,000,000. 

The city does not bind itself to furnish water 
perpetually to the irrigators, but reserves’ the 
right eventually to take the water for municipal 
distribution. 

At first it might seem that the farmer in pay- 
ing this bonus was in reality paying for con- 
struction which should secure him a _ perpetual 
water supply instead of only a supply that will 
eventually be cut off. A little study of the en- 
gineers’ figures, as presented, alters the situation 
It is stated that the total cost of the aqueduct 
development will be $26,750,000, including pro- 
Vision for developing electric power and for turn- 
ing the surplus water aside into agricultural dis- 
tricts, as explained elsewhere in this issue by 
Mulholland, Lippincott and Scattergood. 
The cost of the electrical development was re- 


Messrs 


cently given by the board of consulting engineers 
as $60 per horse-power at peak load, or $7,200,000 
in all. This leaves the cost for water-supply alone 
at $19,550,000. If the farmers are to have vested 
rights to 90% of the flow for irrigation, we may 
tentatively assume that they should pay for 90% 
of the development, which would be $17,595,000, 
and this for the 135,000 acres proposed to be irri- 
gated would be about $134 per acre. 

Manifestly, it would be poor policy for the city 
to lose control of its water-supply system by be- 
stowing rights on the users of a 90% surplus. The 
“bonus” proposed, therefore, is about half the 
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cost per that 


gators assumed the 


acre would be 
whole 
cost and obtained thereby 
supply. 


But it 


the irri- 
construction 


a perpetual right to the 


involved if 
burden of 


may be asked when 

For 
will have expanded, the out- 
lying areas will have changed their character and 
the value of the land will have 
ban figures, so that 


whose irrigation 


what will happen 
the water is tuken from the irrigated land? 
one thing, the city 


increased to 
the 
will 


ur- 
some at least of 
cut off 
This gain in 
city’s 


farmers 
their 
due 


supply is sell 
lands for building lots. value, 
to the the suburbs 
reached all the quicker by having a water-supply 
at hand to be turned into the mains of the streets 
laid out. 

The amount of power which can be 
four different points along the aqueduct ulti 
will to 64,000 HP., and by the 
design of regulating reservoirs, a peak load up to 
120,000 HP., can be This is 141% 
of the present electric-power peak load in the dis- 
trict, where the 
that there promises to be an entire readjustment 


extension of will be 


as they are 
dey eloped at 


mately amount 


taken care of. 


power could be marketed, so 


of the electric-power situation when the aqueduct 
is completed. 
Of course, it is not 


proposed to develop all of 


this power at first, but the aqueduct is being se 
designed and built that as the market increases 
the nuimber of generating stations can be in- 
creased without reconstruction of the aqueduct 
to secure the full. 

The problem here is whether the city should 
tuke over the small-customer service of the pres- 
ent power companies in the district, leaving to 


these companies the supply of current for electric 
railways, which eventually to 
the present 


promises absorb 
capacity of 
the city shall 
with these power 


plants and 


these 
into 


companies, or 
whether 
tition 
their 


enter active compe- 
duplicating 


for their 


companies, 


service and bidding 
business. 

The alternative of selling power to the existing 
companies in large blocks for distribution and re- 
sale not to have here, the 
trend of public opinion being against such a policy. 
It is believed that it perpetuate constant 


interference of the electric companies in city poli- 


seem 


been considered 


would 


tics and bring about the undesirable condition of 
having a number of the city’s best citizens with 
interests conflicting with those of the people as 
a whole. 

It will be apparent that if 


water for irrigation and of 


the 
water power for elec- 
tric generation is carried out successfully on sound 
business principles, the Los Anz<ies water supply 
conduit will the profitable 
enterprises of great size ever undertaken by a 
municipality. 


sale of surplus 


rank as one of most 


The fact that Los Angeles is seeking in this 
large progressive way to utilize its great water 


supply for irrigation and power as well as for do- 
mestic great other 
cities. It unbelievable — 
the manner in which cities have been tied down 


use, is a object-lesson to 


American seems almost 
and hampered to prevent them from utilizing and 
selling water-power developed as an incidental in 
the creation of a water supply. We 
the taxpayers who are the stockhold 
corporation not the 


know of no 
reason why 


ers of the have 


municipal 


same right to have their business handled in a 
businesslike way as the stockholders of any other 


corporation. 

It is not too 
few 
San 


much to say that during the past 
years the failure of municipal government in 
counterbal- 
the conspicuous successes of municipal 


And the success has 


'rancisco has been effectively 


anced by 
goverument in Los Angeles 
been attained through the zeal and efficiency and 


public spirit of its citizens. Foremost among these 


is the man to whom must be given major credit 
for the broad conception of the aqueduct project 
and for carrying it out on progressive lines, Mr 
William Mulholland, now Chief Engineer of the 
Aqueduct and Superintendent of the Water De- 
partment. Mr. Mulholland attained his present 
responsible position by sheer ability and effi- 
ciency. His tact and diplomacy and executiy 
ability have been as important in carrying the 
enterprise to its present stage of suces ssful prog 


ress as his skill in engineering 


The Army Engineers’ Plan for Raising the 
Wreck of the “Maine”: The Design of 
Cofferdams for Very Deep Water. 


Ever since the U. S. 


Havana 


sattleship ‘‘Maine’’ was 
1S9S8, projects for 
raising and removing the wreck have been under 


sunk in harbor in 


discussion. The most ambitious of these pro- 
jects, which was brought forward half a dozen 
years ago,* proposed to make the vessel into a 


floating museum for exhibition at cities along the 
Atlantic Coast after she had been raised and re- 
paired Engineers engaged by the _ pro- 
moter of this scheme to make plans for a coffer- 
dam to enclose the 
and 


were 


vessel, so that she might be 


laid dry repaired; a prospectus was 


pre- 





Fig. 1. Diagram Plan of Cofferdam 
Cylinders of Steel 
the Wreck of the 


Made Up of 
Piling; to be Built Around 
‘*Maine.” 


(Reproduced from Engineering News of Oct. 20.) 


pared showing the 
be reaped and the 


enormous profits that would 
public was invited to sub- 


scribe for the stock. Apparently, the public did 
not feel as confident as the promoter concerning 
the enormous profits, as few 


subscriptions were 


received, enterprise therefore 


and the was 


abandoned 


One feature of this widely advertised enter- 


prise was the agreement that the remains of the 
United States 


sailors who were lost when the 
“Maine” was wrecked should be recovered and 
restored to their friends for decent burial. It is 
probable that that proposal, made by the pro- 
moter of that company, is partially responsible 


at least for the widespread public sentiment that 


the United States Government should raise the 
wreck of the ‘Maine’ in order to recover any 
remains of those who were carried down with 
the wreck. This idea has been urged upon Con- 
gress from time to time, and finally resulted in 
the passage at the last session of Congress of an 


act appropriating $300,000 for raising the wreck 


of the “Maine.” 
It is worth while noting that it is sentimental 
considerations only that impel the Government 


to raise the ‘‘Maine.”’ The wreck itself is value- 


less. It will cost more to remove it in any case 
than the scrap it contains will be worth. Even 
if the vessel could be raised and so repaired as 


to be restored to its condition prior to the ex- 
plosion, it would be obsolete for naval use as the 
result of 15 years’ progress since she was built. 
It will be that the Government could 
not vessel’s for exhibition 
sentiment generally would 


any such 


apparent 
consent to the use 
and 
undoubtedly 
even if she 

There 
ing the 


purposes; public 


oppose use of the vessel, 
had been raised by private enterprise. 
are, therefore, only two objects in rais- 
wreck of the “Maine.” The first is to 
obstruction to navigation in Havana 
which is also a perpetual reminder of 
the unfortunate incidents in our 
history The the purely 
sentimental one of recovering any remains which 


remove an 
harbor, 
one of most 


naval other object is 


may still exist in the wreck of those who 
perished at the time of the explosion. Were it 
not for this latter object, the sensible thing to 
do would be to pursue the course that would be 
used with the wreck of any ordinary vessel, 
namely, blow her to pieces with dynamite and 
dredge out the wreckage. But inasmuch as it 
was sentimental considerations which caused 


Congress to pass the act above referred to, it is 
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essential that the vessel be first of all made ac- 
cessible before her destruction is attempted. 

It may be said that there is another object in 
the raising of the ‘“‘Maine,’’ namely, to see what 
further light may be obtained upon the cause of 


the explosion that wrecked the vessel. It is 
doubtful, however, whether, after the lapse of 
12 years, with the corrosion that has taken 


place and the burial of the parts in mud, any 
Very conclusive evidence will be found as to the 
cause of the explosion, even when the vessel is 
laid dry. 

The 


widespread agitation which we 


ferred to has had another result. 


have re- 
It has set en- 
gineers all over the country scheming out plans 


for raising the “Maine.” A large number of 
these plans were presented and considered by 
the Board of United States Engineers, on whom 
was laid the responsibility of carrying out the 
work ordered by Congress. 

We published the report of this Board sub- 


stantially in full in our issue of Oct. 20 last. In 
that report were given the controlling reasons 
which led the Board to the adoption of the coffer- 
dam plan rather than any scheme for lifting the 


wreck bodily from its present position on the 
mud bottom of the harbor. It will be generally 
conceded, we believe, that the conditions set 


forth by the Board make the choice of the coffer- 
dam plan necessary. It is not a mere engineer- 
ing question as to the cheapest and best way to 
float the vessel or to 


Was governed by 


remove it. 
sentimental considerations in 
passing the act, sentimental considerations must 
govern in the choice of methods, and the 
* must therefore be laid dry first of all, 
lest by any other method of work the ship might 
not be intact when exposed. 


As Congress 


also 


“Maine 


Turning, therefore, now to the cofferdam plan 
devised and adopted by the Board of United 
States Army Engineers, it has seemed to us that 
some discussion of this plan would be of general 
interest to engineers. So far as we can recall, 
no such cofferdam, in such a depth of water on 
such a bottom, has ever built 
The problem is to the 
vessel, about $25 ft. in length, lying in 387-ft. 
depth of dam which shall be tight 
enough and strong enough to enable work to be 
safely carried on under its protection. 


been anywhere. 


surround wreck of the 


water, with a 


This dam must be self-sustaining. There is no 


way of bracing it to resist the water pressure 
behind it by struts against its interior. The 
borings published on page 425 of our issue of 


Oct. 20 show that for a depth of 18 to 20 ft. the 
bottom of the harbor is a soft semi-liquid mud. 


Below that for some 25 to 30 ft. there is a soft 
blue clay. The building of a dam which will 
withstand a head of 37 ft. of water on such a 
foundation is a task so unprecedented that it 


may well 


erally. 


excite the interest of engineers gen- 
The dam must not only be self-support- 
ing and safe against the pressures to which it is 
exposed, but it must be capable of complete re- 
moval after it has served its purpose. It must, 
moreover, be able to support more or less super- 
posed loads. Upon it must be built some sort of 


working platform from which can be carried on 


the work of unwatering the area which it en- 
closes and from which afterwards men and ma- 
terials can be transferred to the interior for 


work upon the wreck. 

The plan which the Board of Army Engineers 
has adopted was fully described in our issue of 
Oct. 20, and is shown in Fig. 1 herewith, repro- 
duced from that Briefly described, the 
plan is to sink around the wreck a series of large 


issue. 


These 
cylinders are to be 50 ft. in dlameter along the 


cylinders of interlocking steel sheet-piling. 


sides of the wreck and 40 ft. at the bow and 
stern. The sheet-pile cylinders are to be sunk 
to a depth of 70 ft. from the surface, which 


means that their lower ends will have about 33 
ft. penetration in the bottom. 

After these cylinders have been sunk, a dredge 
will dig clay from shoals in the harbor and de- 
posit it in hopper scows. These will be 
towed over to the cofferdam, and their loads of 
clay will be deposited in the cylinders until they 
are full. The Lackawanna steel piling is to be 
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used for the cylinders and 
the piling 
by the 


a considerable part of 


has already been rolled and 
Lackawanna Steel Co. 

The best precedent for 
cofferdam is the cofferdam 
Buffalo, N. Y., which 
trated in issue of 


Rock 


shipped 


this peculiar type of 
at Black Rock, 
described and _ illus- 
Oct. 8, 1908. The Black 
of square cells, in- 


near 
was 
our 
made 


cofferdam is up 


stead of circular, 30 ft. on a side. The depth of 
water at the site of this cofferdam is only 15 ft 
as a maximum, and the bottom is said to be fine 
sand, gravel and hardpan. It will be seen at 
once that the task at Havana is vastly more 
difficult than that at Buffalo. A dam in soft 
mud to withstand a head of 37 ft. is a far dif- 
ferent proposition from a dam built in water 


only 3 to 15 ft. in depth. 

It will be of 
computation of 
sheet-pil 


interest, we 
the 


cylinders 


believe, 
the 
for the 
the stresses 
filled 
the 
the cylinders are 
will he 


to present a 
50-ft. steel 
“Maine” 
that 
and 


stresses in 
proposed 

first, 
after the cylinders are 
the 


already 


cofferdam. Consider, 


exist with clay 
laid 


be 


dam is 
to 
from 


hetore enclosed 


As 
with 


area by dry. 
filled 
dredges 
cylinder into 


This cylin- 


related, 
which 
the 
mud of 


clay dropped 
the 


bottom. 


through 
the 
der 


contained in 
the harbor 
compared to a 


water 
soft 
may be grain-bin or a stand- 
to compute the burst- 
of the soft 
it the joints between 


interlocking piles 


and we may proceed 
to the weight 
tending to open the cylinder 
two of the 

If the clay 
were a 
the 


Water 


pipe, 
ing pressure due clay 
tiny 
with which the cylinders were filled 
could at 
the 
Admittedly, 
the 
Which it is placed it seems certain that it will be 
sott that it act 
much horizontal 
After considering the formulas in com- 
tor 


perfect liquid, we once compute 


bursting pressure by ordinary rules for 


the 


circumstances in 


pressure clay is not a 


perfect liquid, yet under 


SO and will flow will 


so readily 


ery like a liquid in producing 
pressure, 
grain-bins and 
us that 


eylinders 


Mon USE pressures on on or- 


Walls, it under 

existing in at 
not be to pressure 
due to the contained mud in these 50-ft. cylinders 
of less than SO°%, of the full pressure which would 
exist if the mud were a perfect liquid. 


retaining 
conditions 


dinary 
the 


seems to 
these 
it will safe 


Havana assume a 


It must be remembered that soft clay mud, such 
as these cylinders will contain, very flat 
angle of repose, and if proper allowance is made 


has a 


retaining wall or 
formulas would give stresses nearly or 
the 


clay 


for its character, the ordinary 
grain-bin 
figure 
with 


quite as high as 
The 
to 


we have adopted. 
which the 
120 Ibs. 
oe ft. 
square foot 
be 120 lbs. 
The seawater surrounding the 
64 lbs. per cu. ft., 
exerts its full liquid pressure, in opposition to the 


saturated 
are be filled weighs about 
foot. At the harbor 
therefore, the pressure 
the of the 


SUN Hwee Ibs. 


cylinders 
per cubic 
bottom, in of water 
against 


oe 


per 


side eylinder will 


cylinder, however, weighing 


internal pressure of the clay. This water pres- 
sure at the harbor bottom is 64 lbs. 37 2,368 
Ibs. per sq. ft. Subtracting this from the in- 


ternal pressure due to the clay filling we obtain 


1,184 lbs. per sq. ft. as the net internal pressure 
upon the cylinder at the harbor bottom. On the 
cylinder 50 ft. in diameter this internal pressure 
1,184 Ibs. 50 
will cause a tangential stress of — 
9 

29,600 Ibs. per lineal foot of joint, or 2,460 lbs. 
per lineal inch. 

The Lackawanna steel sheet piling which is 
being used at Havana, has joints with an ulti- 
mate tensile strength, we understand, of about 
10,000 lbs. per lineal inch. The sheet-pile cylin- 
ders, therefore, are apparently strong enough to 


hold their clay filling until the cofferdam is com- 
pleted and the process of unwatering begins. 

Let the after the 
terior of cofferdam is out The 


clay 


us consider stresses in- 


in- 


now 
the 
bursting 
the 
is the 


sea. 


pumped 
due to the filling 
the external pres- 
side of the cylinder next 
of the cofferdam, 
pressure is removed 


terior pressure 
and 
same on the 
On the inner 
the water and 
therefore, a maximum bursting pressure 
at the bottom of the cofferdam cylinders on the 
inner side amounting to 3,552 Ibs 


remains same water 
sure 


the 
however, 


side 


there is, 


per sq. ft 


This pressure produces a tangential stress on 
the joints of the steel piling on the line A-A, 
Fig. 5, equal to S8,S800 Ibs. per lineal foot of 
joint, or 7,400 Ibs. per lineal inch 

As the ultimate strength of this joint is only 
assumed at 10,000 lbs. per lineal inch it will be 
at once evident that the stress contemplated is 
much too high for safety 

further, there may be stresses on this joint 
from other causes than internal pressure of the 
clay filling. Loads on the top of the pile cylinder 
due to the working platforms and anything 
placed upon them will be carried by the piles as 
long columns and the tendency of the piles to 
bow outward when so loaded will produce 
stress upon the joint Again, the piles cannot 
be driven exactly vertical. If the foot of a pile 
inclines slightly inward as it goes down, the 
joint between it and the piles on either side will 
be under compression. If the foot of the pile 
inclines slightly outward, the joint will be under 


an initial tension before the filling of the cylin- 
der with clay begins. This initial tension must 
be added to that caused by the pressure of the 
clay filling to obtain the total stress upon the 
joint. . 

It is proper also to inquire into the strength of 


the joint which has to carry these very heavy 
stresses. Fig. 2 shows a cross-section of this 
joint Present knowledge of the strength of this 
joint is based on the results obtained on narrow 
pieces of the piles, about ins. wide, which are 
put into a testing machine and pulied until the 
joint opens and separation occurs. 

In the piles used for the Black Rock work, the 
tests showed an average strength of 9,700 Ib 
per lineal inch. An even higher strength is 
claimed for the piles to be used In the “Maine” 
cofferdam, and 10,000 Ibs. per lineal inch is, we 
understand, guaranteed. This is a most excellent 
record, highly creditable to the manufacturers of 


the piling. Such a tensile strength is many times 


as great there is almost 
place 


In 


need for in 
where steel piling is 
the ‘‘Maine”’ 

such a tensile 


as any any 
used. 

cofferdam cylinders, however, 
strength is, shown 
to the safety of the work 
It is important to inquire, therefore, whether the 
strength of the joint tests of 
piling, is a thoroughly reliable guide 


to the actual strength of the joints between suc- 


high 
essential 


as above, 


absolutely 


shown by small 


sections of 


cessive piles in the completed cylinder? 
Examine the details of the joint shown in Fig. 
, 


~. In order that the joint shall open, the curved 


arms m, m must be bent and at the same time 
the inclined contact surfaces of the jaws, S, S 
must slide upon each other. Sliding must also 


take place between the backs of the jaws and the 
inner sides of the curved arms m, m, 
tact surfaces The the be- 
tween these surfaces, S, S and K, K, the greater 
the bending stress upon the arms which a given 
pull upon the joint will produce. In other words, 
the condition of the contact surfaces will appar- 
ently greatly influence the strength of the joint. 


on the con- 


| On + less friction 


Now will the joint between the actual piles as 
driven be stronger or weaker than the joint be- 
tween small test specimens? The piles will 


quickly be rusted in the salt water in which they 
are driven, and this will make the joint stronger. 


K 


> — 


of Joint of 
Sheet-Piling. 


Fig. 2. Cross-Section “Lackawanna” 


Steel 


On the other hand, the whole joint will be doped 


with the soft slippery clay and mud with which 
the cylinder is filled Perhaps this is gritty 
enough to increase the strength of the joint. 
Possibly it is greasy enough to reduce the 
strength. In any event, it would seem worth 
while to try a fair sized section of the joint, say 
6 ins. to a foot long in a testing machine and 
slush it well with clay before pulling, and see how 
the strength of a joint so treated compares with 
that now assumed 

We have considered so far the bursting pres- 
sure on the interior of the cylinder and the 


strength of the cylinder to 


withstand it. Let us 
inquire now concerning the strength of the cylin- 
der as a whole to resist the horizontal pressure 
of the water on the outside of the cofferdam 
ifter the interior is pumped out The compu- 
tation of the water pressure is, of course, ex- 
ceedingly simple. The 50-ft. diameter cylinder 
in water 37 ft. deep has an area of 5O 37 
1,850 sq. ft The pressure varies from zero at 
the surface to 2,36S Ibs. per sq. ft. at the base. 
Thus the average pressure on the cylinder is 
1,184 lbs. per sq. ft., and the total pressure is 
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Fig. 3. Vertical Section and Plan of 50 Ft. Steel 


Sheet-Pile Cylinder for ‘‘Maine’’ Cofferdam 


2,190,400 Ibs., or 1,095 tons, which may be con- 
sidered as concentrated at a point two-thirds the 
distance below the surface, or 12 ft. from the 
bottom. The average overturning pressure per 
lineal foot of the whole cofferdam is about 25 
tons. 


What is 
steel-pilk 


of the mud-filled 
cylinders to resist this huge horizontal 


the strength, now, 


pressure? The empty sheet-pile cylinder itself, 
manifestly, could not begin to sustain it. The 
piles would bend over in the soft mud into 
which they are driven, slilding upon each other 
at the joints like the staves of a barrel with 
loose hoops. The interior filling, however, by 


placing the joints under tension adds greatly to 
the strength of the cylinder and in addition has 


a large resistance of its own. What that re- 
sistance is, it is impossible to compute. It de- 
pends upon the consistency of the material, and 


avail- 
their 
On 
the 
water 


internal friction. If good gravel were 
the 
almost certainly be 
the 


slow 


its 
able for 
strength 
the other 
eylinders 


filling eylinders, for example, 
would 
hand, if 


are 


ample. 


clay with which 


filled is to give its 
soft, 
that 


under this heavy 


up 
mass, it 
slowly 


putty-like, 
the 
pressure may 
the idded_ to 
internal bursting stress will open some joint, 
to flow out and the to 
must be that the opening 

of all thousands in 
eylinders will the 
a cylinder and the flooding of 
The clay 


we 


ind remains a greasy 


seems likely clay may flow 


and the 
distortion 


evlinder 


be pushed over until 
the 
illow the clay dam fail 
or it 


joint 


clear 
the 


mean 


of any 


one these steel- 
failure of 
the 


will 


immediate 
the 
the 


judge, 


pile 
interior of 
eylinders 
at 

and 


filling of 
should 
levator 


cofferdam 


flow if released, least as 


grain in an ¢ bin; besides 
if any joint fails, the 
out the of the 
on either side of the 


the outflow 


readily as 


1 
] 


pressure will quickly open 
to right left 
giving a wide open- 


Further 


sides cylinder and 


break, 
of the 


for clay when 


Ing 
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the clay flows out of the cylinder, the exterior 
wall against which the water stands will be left 
unsupported and liable to collapse as soon as 


the clay 
depth. 

It has important 
for recovery of the ‘‘Maine” 


support is removed to great enough 


seemed to us that the 
should be publicly dis- 
the engineering profession, for it is a 
affects the 
the “Maine” Is an 
precedent, 


plans 


cussed by 
which 
work 


matter 
The 


task 


profession as a whole. 
upon 
without 
tional and even international 
not do, therefore, to take chances with 
The built around the ‘‘Maine” 
must be above all things safe It would be the 
worst kind of a blot upon American engineering 
if this were to give time, 
haps, hundred or more workmen 
be busy on repairs to the damaged 
Or a party of 
might 


engineering 
which attracts 
attention It 


one na- 
will 
the 


work. cofferdam 


dam Way at a per- 
might 


vessel’s hull 


when a 


inspecting Congressmen, even, 


be caught in such a catastrophe. 


The Army engineers in-charge of the work on 


the ‘“‘Maine’” have been wise and broad-minded 
in giving full publicity to the pians they have 
adopted for carrying out this work. We have 
undertaken the above discussion of these plans 
in no spirit of captious criticism, but to the end 
that any weak or debatable point in the pro- 
posed structure may be made secure. 

It would be interesting to discuss other pos- 


sible types of cofferdam which might be used in 
Many will doubtless suggest them- 
readers; but careful will 
show that the task of designing a structure which 
will be and such a foundation 
under such a high head of water and which 
fulfil all other necessary conditions is far 
being an easy one. We turn, therefore, to 
consider what means can be adopted to increase 
the strength and safety of the design now 
adopted. 


One method, 


this location. 


selves to our analysis 


safe stable on 
and 
will 


trom 


which is, we believe, contem- 
plated by the engineers in charge, is hooping the 
steel cylinders near the bottom, where the burst- 
ing is greatest. It a hercu- 
lean series of 
wire 


them 


pressure would be 


task, of putting a steel- 
around these big cylinders, passing 
through cut in the diaphragms 
by which the successive cylinders are connected 
and finally making them tight with turnbuckles. 
All this would have to be done by divers work- 
ing in 37 ft. of water. Nevertheless it might be 
possible of accomplishment. 

Even if the hooping were done, 
however, from the bottom up to say a depth of 


course- 
cables 


holes 


successfully 





Fig. 4. Section of Pile Cylinder for Cofferdam 
Reinforced by Mound of Riprap on Inner Side. 


20 ft. or so, where the strength of the unhooped 
joint might be assumed to be sufficient, it would 
leave the strength of the mud-filled cylinders to 
resist the horizontal still 
tain. 


water-pressure uncer- 

The best plan we are able to suggest to make 
the cylinders against both bursting and 
overturning is the dumping of a mound of coarse 


secure 


gravel or riprap stone along the inner side of 
these cylinders, as shown in Fig. 4. A mound 
of this stone, particularly if it were of high 
specific gravity, would exert a heavy counter- 


pressure to resist both the interlor pressure of 


the clay and the horizontal pressure of the water 


outside. It would take a large amount of stone, 
of course, but it could be placed and removed 
at a low cost per cubic yard and the total cost 
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would not be a prohibitive percentage of the en- 
tire cost of the work. We other 
method by which a proper margin of safety for 
the “Maine” cofferdam can be as readily secured. 


know of no 


—_ 


Automatic Stops to Prevent Accidents to 
Trains Running Past Danger Signals. 





We publish in this issue a letter describing a 
recent derailment to an express train on the 
Delaware, Lackawanna & Western R. R. caused 
by the engineer running at high speed past a 
danger signal. Our correspondent, who was a 
passenger on the wrecked train, describes the 
accident and then proceeds to criticise the rail- 


Way company for not 
for automatically 


having in use some device 
stopping a train which 
past a danger signal. 

This attitude of 
fectly natural one 


runs 
our correspondent is a_ per- 
It seems to the layman, and 
even to the engineer who is only casually fami- 
liar With railway practice, that there would be 
no very great difficulty in connecting some me- 
chanism to a 


danger signal which would auto- 
matically apply the brakes on any locomotive 
that runs past it. Our correspondent outlines, 
in fact, the essentials of such a device in his 


letter, and evidently thinks that it would be an 
easy matter to install such a device and secure 
thereby additional safety in the movement of rail- 
Way trains. 
As those of 
matters are 
subject. 


our readers familiar with railway 
aware, this is very far from being a 

Automatic stop inventions are al- 
most as old as the art of railway signaling. They 
have been in use to a limitéd extent for nearly 
20 years past. It is entirely natural, therefore, 
that the question should be asked, why have the 
railways not applied these inventions on a large 
scale? 

It is common to hear this question 
by offhand that the railway 
panies are too parsimonious to spend 
safety appliances; 
‘ook at a new 
influence or 


new 


answered 
statements com- 
noney for 
that railway officers will not 
invention unless it is backed by 
advanced by graft; that the rail- 
Ways are in a rut of inefficiency and will not 
make move for improvement unless com- 
pelled by legislatures or commissions. 

But before a man with unprejudiced mind ac- 
cepts such indictments of railway companies and 
their officers, he will naturally inquire whether 
these automatic stop inventions will really fur- 
nish the increased safety in train movement 
that is claimed for them. For those of our read- 
ers who care for an answer to this question we 
particularly commend a paper reprinted in this 
issue from the Bulletin of the International Rail- 
Congress. The paper is written by a Ger- 
engineer, and reviews the extended in- 
vestigations into automatic stop inventions which 
have been made during the past decade on the 
railways of Prussia and Austria. Investigations 
similar to those made in Europe have also been 
carried out the Block Signal 
and Train created by Congress 


any 


way 
man 


in this country by 
Control Board, 
some three years ago. 
This Board had its origin in the popular belief 
that the railways were not supple- 
menting their fixed with the automatic 


remiss in 
signals 


stop appliances which numerous inventors were 
proclaiming to be a short and sure road to 
safety. In the three years during which the 
Board has carried on its work, however, it has 


failed to discover any automatic stop which has 


on the whole seemed to promise an actual gain 
in railway safety. 
In considering the merits of any safety ap- 


pliance, the question which must always be care- 
fully investigated is whether the new device will 


create new dangers which may perhaps be 
greater than those which it is designed to 
remedy. 


For example, many inventors have proposed to 
the indication of the semaphore be- 
side the track by a signal which is displayed in 
the cab when the semaphore is at danger. But 
when device is installed, the engine run- 
ner will become accustomed to rely on the cab 
signal instead of the semaphore Some day it 
may happen that the cab signal mechanism will 
become deranged and may fail to the 


supplement 


such a 


show 











Vol. 64. 


eee 


No. 26. 


proper indication when it passes the semaphore 
at danger; and the engineer, looking at the cab 
signal instead of the semaphore, may neglect to 
stop his train. Of course, it will be said that 
cab signals should be so designed, in conformity 
With the principles of correct signaling prac- 
tice, that any defect or failure of the mechanism 


will cause the danger signal to be shown. The 
fact is, however, that many inventors have 
ignored this principle in their devices. The 


railways have often been criticised, therefore, for 
not adopting so-called safety devices that would 
actually produce worse dangers than those which 
they were designed to obviate. 

Our correspondent’s letter, elsewhere’ re- 
printed, is another illustration of the necessity 
of expert knowledge as to the conditions of ratl- 
way operation. He suggests the placing of an auto- 
matic brake-applying device at the danger sig- 
nal. It requires only a moment's reflection, how- 
ever, to realize that had such a device been in 
operation it would not have prevented the acci- 
dent in question. The train running 40 miles an 
hour would have gone off the track at the turn- 
out curve even if the brakes had been applied 
as it struck it. In order to stop a train run- 
ning at 40 to 60 miles an hour, the brakes must 
be applied far back of the danger signal. It does 
little or no good to apply them just at the point 
of danger. 

Suppose, however, the brake-setting device 
were moved back, to a point 1,000 to 1,500 ft. in 
advance of the danger signal. The device would 
then operate, it is true, to stop a train running 
at high speed, but it would also stop all other 
trains as well. In other words, it would not be 
possible to move trains at all over this distance 
of 1,000 to 1,500 ft. when the signal is at danger. 
This introduces operating difficulties which every 
railway officer will recognize. 

Again, if the automatic brake-setting device is 
to stop a high-speed train before it reaches the 


danger signal, it must apply the emergency 
brake. This, however, is extremely undesirable 
As every railway man knows, the emergency 


brake is for emergency use only. It would not 
by any means add to the safety of operation if 
every train which should run past the distant 
signal when at caution should have the brakes 
applied with the sudden shock of the emergency. 

So we might continue with a list of the diffi- 


culties which have thus far prevented auto- 
matic stops from coming into general use on 
railways. The subject is so well presented in 


the paper reprinted elsewhere, however, that it 
is needless to duplicate the argument here. That 
some safeguard against the over-running of 
danger signals is desirable is already well under- 
stood by railway officers. It ought to be better 
understood by the general public that failure to 
adopt such devices by the railways is not due 
to either ignorance or neglect, but because the 
devices thus far invented and tested for general 


railway use have not commended themselves 
on the whole as contributing materially to the 
safety of train movements. 

rr 

LETTERS TO THE EDITOR. 

A Test of Old Bridge Iron. 
Sir: After reading in your issue of Dec. 15 tho article 
on “Condition of Structural Iron After Long Service,” I 


thing the following test of old material may be of in- 
terest 

In 1908 a removed from a_ lattice- 
girder on account of of its connections, 


and a test-piece was cut from the body of the bar about 


diagonal bar was 


flaw at one 


18 ins. from the end. The girder had been in constant 
use for 22 years, carrying railroad loads, both steam 
and electric, and the member in question was directly 


under a frog, where it was subjected to considerable jar. 
The test-piece, 1.5 ins 0295 in., showed the follow- 


ing: 

Ultimate strength . 48,540 Ibs. per sq. in. 

Saree rr rrr rc 26,89) Ibs. per sq. in. 
Elongation in 8 ins........... 25% 

Reduction of area........ 28.27% 

Two additional test-pieces were bent cold under a 
team hammer, and bent flat upon themselves; one 
showing a slight fracture. The material was iron 
manufactured about 1885 

Howard C. Baird. 


149 Broadway, New York City, Dec. 21, 1910. 
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Standardizing Boiler Tests. 
the article in I 


Meeting of the American Institute of ¢ 


Sir: In your issue of De 1D 





zing Boiler Test A in item of news 





ount, | will y that the report of 


Institute 


ental ta your 


stated that this commit 
tee had postponed its work ting the 
Western Society of 


Direction of the 


Committee of 
awa appointment of 
Engineers and 


Western 


Societv of Engineers appointed it committee on De 6 


\ Bement 
‘onsulting Engineer 
2114 Fis 1910. 


her Building, Chicago, Ill., Dec. 9 


Foundation Pressure on Hardpan: Proposed Rule. 





Sir The suestion ha everal time n in this 
bureau a to what pressures under foundations should 
be allowed on hardpan No provision for hardpat 
made in the Building Code, but it is manife y unfa 
to limit the loads on hardpan to 4 tons per sq. ft.. whi 


is the maximum allowed under any 





where special tests are made 
ind is now being considered f idop 
t lowable load on hardpan may be aker 
}. ft., provided, however, that no su 
) illowed except where the foundatior 





irface The 
as follows: 


ALLOWABLE  PRESSI Where 


RE 


ON 


HARDPAN 














onditions do not otherwise terfor the allowable pre 

I ¢ square foot on hardp i ) rr othe 
orm of foun ) mia t t filte 1 tor , 
juare foo ed the i) re ari 1 to 
oint a ist feet below 

As tl ib hat will par ilarly interest 
engincer 2 rofession f irge e =pe illy that al 

whicl <s doing work in New Y I will be glad 
to ear rom of vour reade i o the proprie oO 
doption of the above rul 

Rudolph P. Miller, Superintendent 

I 1 of Buildings for the Borough o 

Man} 22) Fourth Ave New 

York (City Dec de 

{What is hardpan’? So far as we know, engi 
neers do not have a definite and uniform idea of 
What hardpan is. The great increase of loading 


proposed could be misapplied unless a 
tive 


to it (an 


quite posti- 
added 


formulated 


definition or description of hardpan he 


such a description be 


+ _ 


Further Information Regarding the Imhoff Sew- 
age-Clarification Tank. 








5 Mr. Paul Hansen, in your issue Dec. 15, 11 
letter regarding the Imhoff wage-clarifi i 
t k isk or ab lt riptio th ludge-dry 
beds, together with the are required for the: 1 
» for a comprehensive method to determin he size 
t! sludge wells 
The sludge-drying bed s to € ind or grit 
which, in several plan located in the Emscher di 
trict t ormed of he mat-ria ’ ted n the 
chamber Some of it is always |! when digging out 
ludg ind therefore, frequently nd easily 1 
placed The next layer elow ibo 10 in de« 
nd consists broken stone or stag from ' to 41% ims 
in diameter Below the stone are drain tiles sufficiently 
lose and large to carry away the drainage om the 
sludge which drainage occurs nost wholly during ¢ 
first day The water clear and mn-odorou 
In the Emscher district, it has been found that, on t 
eras th ludge becon spadeable in six day in 
eluding rainy days rhe water at first drains out easily 
because of tl increas® in the size of the pores, due to 
the expansicn of the enclosed gas¢ that were under 20 
to 30 ft. o essul vhen at the bottom of the tank 
After th udge be ree compacted by the eseape of 


the 


evaporatior it 


S th nder of the moisture is removed by 


s the 





irface and le sludge with a: 








average water content of from 55 to 65¢ 
The size of the upper tank, for the mechanical clari 
fication of th ewage, depends on the quantity of sewag 
that must be held back about two to three hours, so 
is to allow for he necessary dimentation into the 
lower tank The size the lower tank rr the biolog 
il decomposition of the udge, must he stimated or 


basi 


the following 


The amount of sediment to be collected a held must 
be computed from the analy of the sewage or from 
n experiment Sufficient space should be provided ir 
this tank to hold the sludge up to the level « | ) 
it the bottom of the upper tank for uch a length 
time as the particular sludge needs to “rot ou The 
length of time depends on the charact of the sludg 
ind other conditions to be ascertained for eac} ase. Ger 


sufficient for prob 
months 


months should be 


speaking, six 


ilthough three to four have 
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been found satisfactory som nstance Near the but, miraculously, Kept ri side u 1 the erk 
urface of the ludge, th Water-content may be a these cars were not ired \ 
umed at 95 to 97 near e bottom at 70 to NY mok i 
because the layers of sludge, as they become decomposed ick ind were \ 
gradually become more compar ind granular with Il we tor 
hydroscopic capacity, which yrrespond to the degre could be observed or learned by the write t ed 
to which the material ha rotted away Knowing th My obje writir t t tiention t 
umount of dry sludge deposited, and estimating its ex iilway a le ‘ i t 
yvanded volume due to the moisture content, th rag trophe with its of } i i 1 
apacity can be obtained, adding, of courss t! addi arefulne irele ‘ vilr { 
tiona torage for the time between the ludge drying ompany'’s n ement t did ‘ 
The letter of Mr. Hansen calls tentio ilso ) to ie writ that ‘ we 
act that the Imhoff tank treatment is not r people | ed and ‘ it i 
plete meat o ew purifications, but me € ficient excuse e wre ) 
ratory proces This fact, that the Imhoff tank bu le newspape 
i mean or removing most of the putrescent and of It would seem to \ ‘ that Way 
nsive uspended matter in sewage cannot be deset 1 ) ily as m t would 
rongly emphasized It doe what the septic tank wa received if t t Y ty id be k | 
it first expected to do, and does without stench, ind a ke numbet é ¢ ired 
most desirable advantage It clarifies the sewage to a I do tt k vy whethe ico i 
rl in degree, but does not purify it The remain ttention of ji the O°o! i 
iquids the fin uspended particles would, under 1 ier 1 in € » d ‘ 
favorable conditions, set up a putrefaction whether they avoid eve thre 1 t i 
these tanks give ample purification when their nouncement to then t fu t ind 
eff ts are sufficiently diluted by the water of the from, the newspape i ‘ 1 ‘ Ww 
trams ito which it is discharged, they must be followed think 1 order t t > é e ¢ 
by an oxidation process on land, whenever such dilution i dents If pe id killed ‘ \ 
nsuff ent Most of the Emscher district plants now een a Co : i t } e ( j o 
built have sufficient dilution for effluents, but | County, N I vould ive é ed te t t 
iw one at Holzwickede which absence of such would em that ‘ me | k G 
lilution, has a sprinkling filter to secure the necessary Jury act. even though none were | ed 
oxidatior Very truly yours With inventions wh ilread ‘ erfected 
; Rudolph Hering it is quit possible > avotd ¢ ty f eh 
1) Broadway, New York City, Dee. 19, 1910 ia jent as the one ab leact esne lv where 
cs a aa n this case, the turno e pro terlo 
The South Orange Derailment on the Delaware, ("% ‘*t#!!a{lon_ soverning sy sf nyt 
? te each sign: t ylaced a de ew ‘ t 
Lackawanna & Western R. R. Seeekeh an annie with enct ‘ of 
Sir oO he morning ¢ Nov. 2, 1910, Train No. 15 of whether a st mov ent xf the train 
the Delaware & Western R. R., which lef device to wn through th ing the same leve 
Hoboken at 2 as wrecked at a point about movement e tower that 1 t 
one-! mile we of South Orange Station shortly after n such a manner a » automat vo i e ¢ t 
od Th writer w ssenger on this tra ind ompressed air trait ne¢ W h ‘ £ 0 1 Vv ‘ 
was ) » observe the ind iture oO his wreck would cause a th I rake yn the t ! 
I s the ) on of the write rat the wreck was diately be set r} ime é é ysuld also le 
sed oO elessness on the part o° the ycom<¢ to open the valve ! the mH team ne oO te 
e « ineer ¢ the tr Gro rele e hardly hamber of the xomotive e steal I 
t vord cither 1 inle man was asleep a n tl engine to dro low t tt ff the ‘ 
ost t seen nce idle hat e would risk his own The write i ymew hat r witl le € f t 
re lelibe t l v ist the block g ind laracte! nd elieve tha mit I tented and 
the terlocking na wh 1 were set against hin he I eam railroad np to Wit 
rhe t n W run 2 westward a i) the levelopment o ‘ te trafl t would 
miles an 1 yn the westbound ma wks seem tl e Interstate Co t Commiss A 1 
vere et oO vemcnts acro € ‘ K sist l t lation ) wh i 1utoma 4 é 
‘ ¢ oO Vers hown or t L¢ for terstat raff the nie inner a { Con 
vit to e South Orange vard so be e set for e1 m or nsisted o the stalla ! ) rake ! 
i ) rat vard By good fortune, there were automa ruple I i 1 5s ¢ i 
t Y his yard the irea affected t terstate raffi 
T KR o o A t 
ro at all, seem » be that automa ! k 
and zg off o 
we juit ( 
‘ ‘ vr i 
: nest 
the i that would 
‘ ‘ ir ‘ 
! road equipment Th 
— x pre raff on the New 
. oe York subwa riled 
, E = this ar ) 1uton 
SKETCH OF CERAILMENT AT SOUTH ORANGE YARDS OF DELAWARE, vi emer rhe traff 
LACKAWANNA & WESTERN R. R., NOV. 2, 1910. the Hudson Tunne 
( lint} ‘ 
terlocking system which would be set a ust mov The writer, for one would k to see yme 
nents i the main track, as these switches could not started to persuade or comps — road . , 
hav beer et for the ross-over movements, with he to use some ich device t é ifeguard the peo; 
signal et for main track movement, on account of their patronizing these railroads 
ontrol by the terlocking mact n the tower Yours ily 
rhe t ran through the switch at the west end Wr M. 1 
of the tra ng ryint ) ove etween t vo ma av ortiandt St New York City No 9} 118 
racks ind, taki: 1 f Zz poir I ver to the [We have commented on o1 spondent’s 
westbound siding, entered the yard through the facing suggestion in our editorial col 1d. ] 
int turnout to same. Of course taking these turnouts at 
sO gh a speed used the locomotive to lurch badly, and ~ 
ifter enter g the vard a ort dista ¢ eft the track : ° ° 
hss deanaiieabiiedsa -uniaitee semumec ie aes caandieniie iene cia The Reinforcement Steel of the High Bridge Dam. 
train after derailment It see! almost a miracle that Sir: In Eng. News of Nov. 24, 1910 (p. 564), there a 
with the irs so badly 1 there were no casualties peared a description by Mr. F. S. Taint of a ittressed 
more serious than the ilding and bruising o ie lo masonry dam that wa High } ‘ . f 
comotive engineer and firemar ») express, Mma or bag the Taylor Iron & Stee ) \ to \ Ww 
erks, or s-enger eing injured at al is we p 1 ele ‘ 
From he pe e of the wreck the engine nus of tl dam wae t nstr 
have slewed around ractically t righ I s to the curtain wall supported a erva V 1itresse I 
tracks and plowed up the ground with a pile of rz and lasonry was of rubble ind ¢ el of the it 
tice mi the track if o rf rhe engine finally wall was reinforced y horizont ear yined by 
t i over, broke away from the tender, and slid u he horizontal I-beams i: he buttresse Ther ver 
track approximately ) ft rom the point wher the vertical I-beams where the itt rined e wW 
ler topped by the pile of material in front of it but which do not ha mus o nee It is a 
The xpres ar immediate) vehind the engine wa the horizontal reir ment t ‘ » take su¢ 
mashed to kindling wood at the point where the tender with the author 
Va vcked fwo other express cars and one mail car He said tha I in these n rmed erie ’ 
were pushed or eyond this "tender across the area which “horizontal arches ‘ We 
was torn up by the vr ve, and were not smashed, pression Remembering that the stress ji from t 
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up-stream side, and against the flat ‘‘arch,’’ this 
load transverse to its length and is 
The whole 
. with horizontal in- 
stead of vertical loading, and supported by horizontal 
instead of vertical [buttresses]. The only com- 
pression is in If the dam is regarded 
reinforced-concrete structure, the metal is placed 
will do no good; for in the curtain wall it is 
in the neutral axis, and in the buttresses the I-beams are 
which 
The only advantage in placing them at all, in my opinion, 
take up different 
the masonry 

And 
fair to add that I 
in appearance. 


mem- 
ber has to sustain a 
therefore not in 


compression but bending 


dam, in fact, is a continuous beam 


posts 
these buttresses. 
as a 
where it 
in compression, for needed. 


stress 


they are not 


is to shear at places, and to 


help tie 
together. 

riticism, it is but 
have never seen a dam more bandsome 


now, having said so much in 
The simplicity and harmony of its lines, 
afforded by the each part having 
a distinct purpose and living up to it, all give it a beauty 
that 


ments, 


the variety buttresses, 
cannot 
and 


well 


be improved by any architectural embellish- 
make the structure that other designers 
imitate 


one 

might 
Sincerely, 

A. W. Bedell. 

Dec. 12, 


Chappaqua, N. Y., 1910 


{Mr. Tainter’s reply to the above comments fol- 


lows.—Ed.] 

Sir: In view of the very fair and courteous tone of 
the criticism of Mr. Bedell of my statement in your is- 
sue of Nov. 24, 1910, and of the fact that this criticism 


is addressed to/my statement of the manner in which 
the steel skeleton of the High Bridge Dam is carrying its 
and not to the safety of the structure, it would 
seem an unwarrantable your space to enter 


full mathematical question in- 


load 
intrusion on 
into a discussion of the 
volved 

Mr. Bedell is 


the value of the 


entirely correct in his statement as to 
as a bond tying the masonry to- 
while acting in the take up 
Prof. Atcherley has stresses of 
this nature may be very serious. 

The exact distribution of stresses in dams, however, is 
not known Whether rubble masonry of the dimensions 
used at High Bridge will not of itself act as an arch 
is a question on which an interesting but academical de- 
In any arch the mathematical im- 
incident to all construction render 
the location of the resultants uncertain, 

The I-beams at High Bridge are not on the 
side of the wall (regarded as a beam), and, therefore, 
can hardly be subject to tension, unless the wall be re- 
garded as a mere watertight covering incapable of taking 
up strains. This is certainly an 
The beams, therefore, are either entirely unloaded or in 
latter, will be a dan- 
gerous tension on the masonry face, or an arch is formed 
for all former, the 
itself be acting as an arch, with the steel as an 
integral part thereof. 

This question 


steel 
buttresses to 
pointed out, 


gether, also 


shear. As 


bate might be waged. 
perfections practical 


tension 


impossible assumption. 


compression; if the either there 


practical purposes; if the masonry 


must 


times. All en- 
agreed in the opin- 


has been raised several 


gineers who have taken it up have 


ion that if such a construction were acting as a rein- 
forced beam, cracks would appear in the face. This 
has not been the case in either the Carnegie Dam, at 


Princeton, N. J., 
Bridge 


built by me s@x years ago, or the High 
although both structures 
jected to very severe floods. 

Hoboken, N. J., Dec. 17, 1910. 


>——_—_—. 


been sub- 


Tainter. 


have 


F. S. 


dam, 


Train Movements at South Station, Boston. 


Sir: In Engineering News, Dec. 8, p. 6388, you show 


(Fig. 2) the number of trains arriving and departing 
each half hour from South Station, Boston, June 5, 1910. 
On the face of it, this diagram does not show what the 
title indicates, inasmuch as no trains of the Boston 


& Albany R. R., 
the diagram. 


which use this included in 


Neither is there any direct statement in the 


station, are 


report, with which this is published, to indicate to the 
general reader that the Boston & Albany trains are not 
included in this diagram; that is left to be inferred as 


the report relates to the New 


roads only. 


Haven and Boston & Maine 


Alongside of this diagram is another (Fig. 1) showing 
the number of trains arriving and departing, each half 
hour, at North Station, Boston, June 20, 1910, which 


actually shows all trains arriving and departing from that 
station A comparison of these two diagrams 
that the North St traffic 
South Station 

As the South 


indicates 


ition has a greater than the 
Station has the greatest number of trains 
arriving and departing per day or per busy hour, of any 
in the United States, it is 
was so published, that a 
Thinking that you 


diagram as a matter of 


steam railroad terminal station 
unfortunate that this diagram 
inference could be made. 
like to correct 





wrong 


might publish a 


general interest, I enclose herewith a black and white 
print which shows the movement of all trains into and 
from this station 


If there was anything in this Boston report from which 
a reader could infer that only the trains of the N. Y., 


N. BH. & H.R. B.. in 
Fig. 2 it might not be 


South Station are represented in 


necessary to make such correction, 
but there does not appear to be any such explanation and 


there is no corresponding diagram to show the number of 


Boston & Albany trains in the South Station. 
Very truly yours, 
Geo. B. Francis, M. Am. Soc. C. E. 
Consulting Engineer. 
10 Bridge St., New York City, Dec. 12, 1910. 


{The diagram which Mr. Francis criticises ac- 
companied the report of Mr. E. H. McHenry, 
Vice-President of the New York, New Haven & 
Hartford R. R., on the substitution of electric 





traction for steam in the Boston metropolitan 
30 
235 
20 
2 15 
. 
S 
5, 10 
z os tt 
's 
| bpd it, 
2123456789nNN 12123456789 NNL 
Noon. | / 
Fig. 1. Number of Trains Arriving and Departing 
Each Half Hour From North Station, Boston. 
(June 20, 1910.) 
district. As the Boston and Albany traffic was 


discussed in a separate report, naturally no 
count of those trains was taken. The diagrams 
were primarily to illustrate the train movements 
that had to be provided for and not for compari- 
son of traffic at 
Mr. Francis criticism 


aC- 


various stations. To 
of the report we 


illustrate 
have re- 


printed Fig. 1 and accompanied it with his Fig. 
2.—Ed.] 
The Physical Meaning of Entropy Defended. 


Sir A 
my article, 


consideration of the criticisms 
“The Physical 


called 
Entropy,’’ in 


forth by 


Meaning of En- 


gineering News, Sept. 1, indicates that further proof 
seems to be required to justify the contention that the 
definition as given does point out the physical signifi- 
cance of this term. 

It has been proved mathematically, that ‘‘entropy is 
the minimum unavoidable waste per degree of the abso- 
lute temperature at which all of this waste may be 
rejected.”’ Is entropy, from this point of view, any 
more difficult to comprehend in a physical sense than 
specific heat, which is heat required to raise temperature 

Q 
per degree — , than electrical capacity, which is the 
, 
quantity of electricity stored per unit different of po- 
q 
tential —— ; than velocity, which is distance passed 
BE 
Ss 
over per unit of time - ? Is not unavoidable waste 
t 


familiar entity? 
vapor emitted from the 


remind us of its 


a perfectly physical The white puffs of 
pipe of a steam 
through the 
with the exhaust of a 
existence through the feeling. 
Do we not show our comprehension of unavoidable waste 
by the care we take in providing circulating water to ab- 
stract this from the exhaust of a condensing 
steam engine? If unavoidable waste is so commonly ap- 
wherein is the difficulty in 


exhaust engine 


existence sense of sight; 


accidental contacts gas engine re- 


mind us of its sense of 


waste 


preciated, understanding the 


physical significance of waste heat per degree of tem- 
perature? 

If, in generating dry steam at 165 lbs. absolute from 
feed water at 32° F., the entropy is numerically equal 


to 0.52385 1.0370 or 
per degree of 





1.5605, then the unavoidable waste 
temperature at rejection is 1.5605 B. T. U. 
If the temperature at rejection is 400°, absolute, the total 
unavoidable waste is 400 a2 8B: T. WW. 
if the temperature at rejection is 600°, absolute, the total 
waste is 600 1.5605 or 936.5 B. T. U.; and so on. 

The question asked: wherein does 
my definition of entropy differ from other definitions pre- 
viously advanced? The in the point of view. 

To explain, let us consider different but correct 
definitions of the area of a rectangle: (1) the product 
of length times width, which is purely mathematical and 
suggests the formula / w; (2) a plane surface bounded 
by four straight right angles to each other, a 
physical definition which suggests a mental picture of a 
surface. When we wish to calculate 
tangle, we think of the first 
include the rectangle in some graphical con- 
struction, we think of the sécond definition. 

The distinction these two definitions of a rec- 


1.5605 or 


seems to have been 


answer is: 
two 


lines at 


the area of a 
definition; when we wish to 


rec- 


area of a 


between 


tangle is precisely the distinction between the two classes 


of definitions of entropy which have been advanced. 
Clausius gave the name “entropy’’ to the expression 
Q 
° 
dq 
ees 
Swinburne has stated: 
Increase of entropy is a quantity which, when mul- 


tiplied by the lowest available temperature, gives the in- 
curred waste 


Ripper’s 


“| 


definition is: 












re 
uw 


| 

wouleai23456789 
Noon. 

Fig. 2. Number of Trains Arriving and Departing 
Each Half Hour From South Station, Boston. 
(June 5, 1910.) (Corrected, from a= similar 
diagram in Engineering News, Dec. 8, to include 
Boston & Albany R. R. Trains.) 


0 
Ries 458678685 wou 12 


Entropy is length on a 
sents a quantity of heat 
absolute temperature. 


Prof. Kent's modification of my definition reads: 
Entropy is the quotient found by dividing the minimum 


diagram in which area repre- 
and the ordinates represent 


unavoidable waste by the degrees of the absolute tem- 
perature, etc. 
All of these definitions are purely mathematical and 


give us no idea of what entropy represents in a physical 
sense. Indeed, the last named definition, though correct 
mathematically, is not practical since it assumes that 
unavoidable waste may be determined independently of 
the entropy—an a:sumption, to the writer’s knowledge at 
least, which cannot be fulfilled by any known method. 
The definition which I have advanced (entropy is the 
minimum unavoidable waste per degree of the absolute 
temperature at rejection) is a true physical definition 
of entropy. It points out the amount of waste which 
could be avoided theoretically by lowering the tempera- 
ture at rejection one degree; or the additional waste in- 
When 
entropy, 


curred if this temperature is raised one degree. 
we wish to calculate the numerical value of 


we use the expression 


Q 
dq 
T , 


when we wish to make use of it in actual problems, 
we think of it as the minimum unavoidable waste per 
degree of temperature. There is no conflict between 
definitions. 

Although my definition of entropy has been developed 
by assuming that the working substance passes through 
a complete cycle of changes, it follows by no 
that this definition is inapplicable when simple 
changes are the original article it was 
proved that is the minimum unavoidable waste 
per degree of temperature at rejection when a working 
substance is degraded from state to another. In 
this case, entropy points out the relative amount of heat 
which must be wasted in degrading the state of the 
substance—this relative waste being independent of 
the path by which the substance attained its initial 
state and, likewise, independent of the path by which it 
attains its final state, provided that all waste is rejected 
at a constant temperature. 

The entropy for the heat required to raise the tem- 
perature of air from 100° to 200° at atmospheric pres- 
sure, is the relative amount of this heat which must be 
wasted if we attempt to obtain work by degrading this 
air back to its initial state. Thus the conception of en- 
tropy as relative heat waste is applicable to all thermal 
changes from which work may be obtained. 

A few comments on the expression ‘‘change of entropy” 


these two 


means 
thermal 
considered. In 
entropy 


one 





may be of interest. It has been shown that 
@ 
dq 
L=T, 
T 
0 


where L is the total unavoidable waste, To is the abso- 
lute temperature at rejection, and 
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Q “that Entropy ~MM; a state of matter, the degree that Prof. Reeves riticized, I would suggest to Mr 
d Y of subdivision of its mass.”’ Menzin the following definitio 
accom But is the analogy between entropy and weight en- Entropy 
ar tirely logical? The work made available in each case Q 
a is energy, which is expressible as force times distance. fed a) 
the entropy. By the theory of limits this equation may a epeccsin = — * pacing fie aap 
a esiiees, , ’ 7 dimensional equations would immediately show that , 
temperature is of the order of length—a conclusion by e 
Q1 Qs no means conceded by physicists The physical signifi- 7 
d Q dQ CORED OF Prof. Reeve’s definition is not clear; for, al- is the temperature rate of lea heat waste 
un ee t though we know that the interaction of masses sepa- Sincerely 
T T rated by distances produces force and work, we are not A. W. Bede 
e able to sense the significance of what is represented by Chappaqua, N. Y ler. 2 1910 
: a the expression <MVM + 
The expression teturning to the indirect conception of entropy as the 
Q1 potentiality of heat to produce work, we have no diffi- Notes and Queries. 
aQ ulty in paralleling it with the cone eption of mg as the In the article descriptive of the movable dams on the 
: potentiality of weight to produce work; for does not mg New York State Be Cantal: in sae kesue DD § 1910 
T represent the work available when weight falls through p. 611. it wa tated that the e eat en the 
o unit distance? A reconciliation of the dimensional equa lower curtain are from 1% to 2 in ' & Th 
; ' tions for different kinds of potential is still a problem last figure = misorint ise ltnwelaul : : 
represents the entropy of the heat @,, while the expression for the physicist, for under the system of fundamental the bridge is of 1%-in. metal. +) oe ' ; 1 
Qs units now in use different kinds of potential involve in sihais diamine a sihied handted i ee ae ' 
d@ different secondary fundamental units. Thus, electrical 
seems potential involves specific inductive capacity, magnetic ERRATA.—In the address of Gk Wm. H. Bixby. Chief 
iy potential involves permeability, and heat potential in- of Engineers printed on pp. 714-716 of th 1“ ital 
volves temperature lowing paragraph should be added on p. 715 to the se 
Q1 To test our grasp of the physical meaning of entropy tion in the middle column entitled The Effect of Water 
represents the ‘increase of entropy’’ due to the heat as — “unavoidable heat waste per degree of temperature ways in Reducing Railway Rate 


Qe — Q. 
degree of 


Thus, the increase of unavoidable waste per 
temperature at 


heat absorbed, is the 


rejection due to increasing the 
“change of entropy.” 

only the ‘“‘minimum unavoidable waste 
temperature at rejection,’’ but it is the 
unavoidable waste for and 
temperature within the limits of zero 
This requires proof. 

A consideration of the 


Entropy is not 
per degree of 
minimum each 


every degree 


of this 


and plus 


infinity. 


manner in 


Q 
dq 
T 


which the equation 


L=T, 


0 
was obtained will disclose that the only limitations are 
that To, Q, and 7 shall be positive and finite, and 
that 7 shall be constant. The integral sign takes care 


of any law connecting change of temperature 
absorption of heat. 


Since To 


with the 


may be any temperature, we may write the 


above equation as follows: 


Q Q Q 
2 


+ @ 
L=(7,tn) | —= 





0 o 0 


where 7's represents some standard 
the number of degrees of variation 


Does not 


temperature and n, 
from this standard. 


Q 
dQ 


Ee 


in 


0 
indicate the variation in 
changing the 
is not 


unavoidable heat waste due to 
temperature at rejection m degrees, and 


Q 
dQ 
7 


e 
0 


of heat waste for each and degree 


of this change? 
A moment's 


the variation every 

Is not the conclusion justified? 
consideration of from the point 
of view advanced will show that, indirectly, the entropy 
for a given quantity of heat is the potentiality of this 
heat to produce work. For, by lowering the temperature 
at rejection nm degrees, do we not cut down the unavoid- 
able heat degree, where @¢ is the 
entropy Do we not, increase the amount of 
heat convertible into work by @ heat units per degree? 
Is not this analogous to the potentiality of weight to 
work? By lowering the temperature at rejec- 
tion from T's to 7J'o, the work which becomes available 
is, Wh - @ (Ts — To). By dropping a_ weight 
from ks to ho the work which becomes available 
is Wg = mg (ts — ho). The symbolical analogy between 
@ and mg immediately suggests Prof. Zeuner’s ‘‘heat- 
weight’’ analogy for entropy; and if we replace mg by its 
more general expression 


entropy 


waste, units per 


therefore, 


produce 


m, me 


F d my d me 
kK ———., 
da? 
0 ° 


we are reminded of Prof. Reeve's definition which is 





at rejection’’ or, merely relative unavoidable heat wasie, 
let us proceed to work out a problem of 
to engineers at the present time. 
may be obtained 
turbine to 


some interest 
How much more power 
installing a low 
connection with a 


For the purpose of the problem, 


theoretically by pres - 


sure operate in non-con 


lensing steam engine? 








feed-water in both cases will be taken at IS0° F. and 
the steam will be assumed dry at 160 Ibs. absolute. The 
engine will exhaust at atmospheric pressure and _ the 


turbine at a pressure corresponding to a vacuum of 28 


ins. of mercury. 
By referring to steam tables we find that the total 
heat added is 1 + 857.7 — 148 or 1044.8 B. T. U 





that the entropy from water at 1IS80° is 0.5204 
0.26383 or 1.2994; 
0.5204 1.0425 

perature corresponding to 
459.5° or 671.5°; and that the 


responding to a vacuum of 2S 


1.0425 - 
that the entropy from water at 100° is 
O.1207 1.433; 


atmospheric 


that the absolute tem 
pressure is 212 
ibsolute temperature cor- 
ins. is 100° + 459.5° or 
359.5°. 

In calculating the 
a vacuum 


work possible when exhausting 
of 28 ins., we do not need to 
work necessary to restore the working substance (water 
ind vapor) from hot-well temperature at 100° to water at 
180° for it assumed that feed-water is 
from some source at a temperature of 180°. The entropy 
to determine the work possible in this case must there- 
fore be computed from water at 100° F. 

From the definition of entropy, the minimum 
per degree of temperature at rejection for the engine is 
1.2994 B. T. U., and the total waste is, therefore, 1.2994 

671.5 or 872.5 B. T. U. The minimum waste per degree 
of temperature at rejection for the combined engine and 


into 


consider the 


was available 


waste 





turbine is 1.438 B. T. l and the total waste is 1.435 
559.5 or 801.8 B. T. U.; but the waste involved in 
the problem under consideration is 801.8 — 80 or 721.8 


B. T. U. since we do not have to heat the feed-water 
from 100° to 180°. 
The total 


therefore, 


maximum work available from the engine is, 
1044.8 — 872.5 or 172.3 B. T. U.; and the 
total maximum work available from the combined engine 
and turbine is 1044.8 — 721.8 or 323.0 B. T. U. The 
work is therefore $25.0 
172.3 or per pound, and this represents 
150.7 
an increase of power equal to — or 
172.3 
entropy as _ relative 
of heat 


who 


obtainable from the turbine 
136.7% B. TF. Uv. 
87%. The simple 


and defensible conception of una- 





voidable waste, or, indirectly, as the 


poter 


to produce work, will come as a surprise to many 


have been accustomed to thinking of it as a mathemati 


cal fiction having no physical meaning, or as a property 


of matter which Earth’s inhabitants are not able to 
The validity of the conception defended 


is based on the principles of pure mathematics and in- 


sense herein 


volves neither approximations nor average conditions. 
The correctness of the conception has been checked by 
application to complex problems which may be solved 
in other ways. It appears, therefore, that the purpose 


of this article has been accomplished. 





A. L. Menzin 
828 Sheldon Bldg., San Francisco, Cal., Nov. 25, 1910. 
Sir: I have read Mr. Menzin's articles on entropy 


first one I know 
con- 
heat 
h to 


integrating in the 


with considerable interest, for he is the 


of to satisfactorily explain what has always been 


sidered a more or less complicated function of 


Differential equations are poor material from whi 





while 
very definite 
confidence in 


mental picture a 
forth 
greater 


form a 
dark 
have 
understand the 
tities with which he 


results, yet will 
his work, will 


recognizes the quan- 


may bring one 


much and 


process bet er if he 


is dealing. To remove the ambiguity 


But it 
improved 


must be 
river 


remembered 
remailr die it re 





imount 





























of locked up capital not being utilized to best advantage 
Appropriate legislation might br ‘bout the desired 
reduction in the railroad rates along the parallel route 
just as effectually, and with no greater loss to the rai 
road and without imposing the coset of the inal or the 
river improvement upon either the state or federal gov 
ernment Under such reumstance he prir i] advan 
tage of the canal or improved river is that its freight 
controlling action is direct and automat o ng as no 
interfered with by slation, that its continued exist 
ence is more certain and much less liable to change than 
that of a paragraph on the statute books, and that 
existence is at the same time a mstant « suragement 
to growing commerce and an excellent s rd rainst 
temporary congestion of transport on route So long 
as the waterway is to remain unused, its construction ot 
maintenance is a question more o egislatior ha 0 


navigation or transportation 


ee 


The Re-Working of Scrap Material on the 
Illinois Central Ry. 


the damaged or 





Much of waste material which 
ordinarily goes to the scrap heap at railway shops 


can be worked over and utilized either for its 
original purpose or for some new purpose In 
this way it has a value much higher than its 
scrap value (taking all cost of working into ae- 
count), and a material saving is effected com- 
pared with the cost of new material. A num- 


ber of railways have introduced 


this sort to a 
cember 


economies of 
greater or 
the 
a paper was presented by 
gineer of Tests of the 
ing with the system 
Which is said to be making a net 
to $10,000 per month. 

The original 
scrap iron by 
5 x 145 ft. 


SOOO), 


less extent. At the De- 
Western Railway Club 
Mr. T. S. Sheafe, En- 
Illinois Central Ry., deal- 
instituted by this 


iving of 


meeting of 


railway 
$9,000 


plant (1907) erected for utilizing 


re-rolling consists of a building 


two-high 


engine, oil 


with a rolling mill (cost 


high-speed furnace, alligator 


shears (home-made) and an old steam hammer 
The total cost of such a mill complete is about 
$4,100. The working force consists of a roller, 
heater, catcher, straightener and four laborers 
From January, 1908, to October, 1910, this plant 
re-rolled 1S82 tons, in iverage of OH tons 
per month. Truss rods, center pins and heavy 
round iron are used for rounds; arch irs are 
used for flats The smallest rounds are ,-in., 
owing to the high cost of rolling iron to a 
smaller size The length of the bars averages 
7% ft. for rounds and 6 ft. for flats. 

The author states that the re-rolled Tron is 
superior to merchant bar iron, due to the roll 
ing. It is used principally for bolts, and the 


and bolt-cutting ma 


In thi 


operators of bolt-heading 


chines prefer it to new metal s shop, also, 


straightened for use in 


good second-hand iron is 

the blacksmith shop. Bent “4-in. iron is cut to 
length for brakeshoe keys (without straighten- 
ing) and for drift bolts. 

All journal bearings removed from cars and 
locomotives were formerly scrapped, but re 
now sorted carefully. Those which are suit ible 
are relined and returned to service, saving over 
$3,000 per month. They ire ised th san 3 
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ngs ilthough it is said that there is 


me difference of opinion among car men us to 


the use of the relined bearings 
spliced; the 


hos Which have 


two halves of 


good 


heen chafed or cut being put 


together by means of a special nipple and clamps 


About 150 hose per month are repaired in this 
Way, and the saving is 46 cts. per hose. 

Bent brake-beams are straightened and rein- 
forced, although the simple straightening of such 


brake-beams has been discontinued by railways 


the 
reinforce- 


generally author) owing to 
The 

angle 

attached 


(according to the 
loss of 


strength in the 


ment consists of a 2 214-in. 


process 


extending 


nearly to the brake head and with six 


rivets A plate would prove probably as effective 
und at less cost. A new brake beam of this de- 
seription (167 Ibs.) costs $2.41, and has a s«¢ rap 
Value of 75 cts. The cost of reinforcing is only 
4 cts. (material, 45 cts.; labor, 19 ets.). From 
May, 1909, to November, 1910, the shop rein- 
forced 10.235 brake beams. A shop 22 x TO ft. 
was erected for this work, at a cost of S700 for 
the building and $400 for the oil furnace, straight- 
ening devices and other equipment. 

The accumulations of paint skins in every 
paint shop and paint gang are valuable when 
worked over, and are used for making new paint. 


On an verage 15 barrels of skins per month 
ire boiled The mixture is about 550 Ibs. of 
paint skins to 15 Ibs. of raw oil and 100 Ibs. of 
pigment This makes one barrel of paint, and 


said to be Two 
buildings of corrugated 
erected for the boiling work 
mill ($950), the latter equipped 
with mixing and grinding machinery ($800). The 
foreman, two paint mixers 
and four During October, 1910, there 
were made 6,450 gals. of paint (body color, freight 
; The net 


over $22 per barrel. 
iron construction 
S200) 


the sating is 
small 
were and for 
a paint being 
force consists of a 
laborers. 
car color and passenger car roof color). 
saving on this amounted to $1,800. 

the labora- 


A car cleaning material is made in 


tory, and this not only does its work well but 
insures the life of the varnish, as the material 
contains no acid. The actual saving is about 
$50 per month, but of greater importance than 
this is the prevention of the use of destructive 
car cleaning preparations on the passenger 


coaches, 


Oo 


Explosion in a Battery House in the Grand 
Central Station Terminal Yard, New 


York City. 


The disastrous explosion of Dec. 19 at the 
battery house of Substation No. 1 of the New 
York Central & Hudson River R. R. Com 
pany’s new Grand Central station termina! 
in New York City was briefly recorded in 
our last week's issue. We show § herewith 


wrecked 
after the 
explosion occurred, and will give the reader some 


a series of photographs showing the 


buildings, which were taken shortly 


idea of its violence The diagram plan Fig. 5 
shows the destroyed portion of the battery house 
itself The construction of this house is repre- 
sented in Fig. 7, which has been sketched from 
the architects’ plans 


As can be 
the house is 


floor of 
street 


seen from Fig. 7, the lowest 


some 10 to 12 ft. above the 


level, while the yard track level is about 22 ft. 
below, the street. There was thus an open space 
some 30 ft. high under the building, closed on 
the front by the 50th St. wall of the house and 
the street retaining wall, but entirely open to the 


half the 
inclined 


and east. At 
there was in 


height of this space 
built of 12-in 
deep plate-girders, but lack- 


south 
driveway 


I-beams carried by 


ing its concrete floor arches and floored instead 
with temporary wooden planking. This drive- 
way divided the space under the house into two 
stories, each 15 to 20 ft. high, but both com- 
pletely open to the south face and the upper 
story open also at the east end The theory at 


present most generally accepted as the cause of 
the explosion is that Pintsch gas escaping from 
a broken pipe filled these open spaces under the 
building with a mixture of the gas and air; that 
this gas and air mixture was ignited in some 








FIG. 1. LOOKING 


(Wrecked battery-house in foreground. 


INTO S5OTH ST. 


Unfi nished 


WEST FROM LEXINGTON AVE. 


power-station at left in rear. Tops of cars in 


depressed yard visible at left.) = 





FIG. 2. 


manner and its explosion caused the destruction 


shown in our views. 


The damage done outside the wrecked building 
does net appear to be significant except in a few 
points. A two-story brick firehouse (Fig. 4) di- 
rectly across Lexington Ave. from the wrecked 
battery house has the parapet of its west wall, 
three or four feet high, broken and overthrown 
on a good part of the length of the building. 


Lower down, this wall has marks of being struck 


by several wooden beams, one of which in fact 
remained sticking in the brickwork A street- 
car passing between the battery house and the 
firehouse was blown over and badly smashed. 
North of the east end of the battery house, a 


tenement on the northwest corner has marks of 


the south 
windows 


damage on the cornice of wall, and one 
of the top 


brickwork 


story lacks a 


The 


triangle of 


over the opening. store: front on 


the ground floor of this house was wrecked (Fig. 
=) Practically all the damage beyond this con- 
sisted breaking windows, shaking down plas- 
ter ceilings, and in a few cases forcing in win- 
dow door frames by pressure or shaking down 


ANOTHER VIEW 


ENG. News 


WEST IN 50TH ST. 


arches of door openings. 
cracked, several blocks 
house. The area within 
broken extends much farther 
which may be significant in 


One building was found 
the battery 
windows 
south than north, 
of the fact that 


the space under the building in which the gas is 


away from 


which were 


view 


supposed to have collected and exploded is open 
toward the south. The cars in the railway yard 
just south of the battery house were not dam 
aged extensively; but their ends and not their 
sides were toward the explosive wave. 

The known events preceding the explosion 
were, about as noted in our last issue: <A train 


of multiple-unit (electric) cars in the terminal 


yard was being run north on a track about in 
line with the second row of columns from the 
east end of the battery house. The motorman 
failed to stop the train in time, and it collided 
with and broke through the bumping post just 
south of the battery house. In Fig. 5 the second 
car is the head of the train in question. Just 
behind the southerly row of columns a set of 
three (or four) pipes carrying steam, Pintsch 
car-lighting gas and compressed air extended 
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from east to west under the battery house, pass- 


ing through openings cored in the concrete fender 
Walls, as indicated in the drawing Fig. 7. The 
collision resulted in breaking the gas _ pipe, 
and as the gas was not shut off at the storage 
station two blocks south until about half an 
heur afterward, a large amount of Zas escaped, 
some 14,000 cu. ft., it is claimed. Shortly after 
the gas was cut off the explosion occurred. 

The even distribution of the damage over the 
Whole of the building affected is characteristic 
of a gas explosion. Where a charge of dynamite 
is set off, the destructive effect is greatest in 
the immediate neighborhood of the explosive and 
rapidly diminishes away from this center. 

Some incredulity has been expressed in the 
public prints as to a gas explosion being of suffi- 
cient force to do such extensive damage. It is 
little realized, apparently, what enormous poten- 
tial energy is contained in even a moderate vol- 
ume of combustible gas if mixed in proper pro- 
portions with air and exploded. <A brief com- 
putation may be of interest, therefore. 

Suppose we take a volume of 100 cu. ft.* of 
gas of GOO B. T. U. per cu. ft. calorific power. 
When mixed with air in the proportions for most 
Violent explosion the mixture could be contained 
in a small room about 12 ft. cube. The total 
heat units in this gas would be 60,000 B. T. U. 
ind th total foot-pounds of potential energy 
would be 60,000 x T72 46,320,000 ft.-lbs. If this 
gas Were exploded in small quantities behind a FIG. 3. AT REAR OF BATTERY HOUSE, LOOKING DOWN AT CAR WHICH BROKE 
piston in a gas engine cylinder, something like THROUGH BUMPING POST. 

I> to 25° of this could actually be obtained as 





mechanical energy; and given proper mixture, 
something like this energy will actually be gen- 
erated When the gas is exploded in a confined 
or partially confined space and will be exerted 
against any obstacle. This means that only 100 
cu. ft. of gas exploding when mixed with air 
may have a potential destructive power of over 
10,000,000) ft.-lbs.; or it could lift a structure 
weighing a thousand tons to a height of 5 ft. 

Of course under actual conditions in accidental 
gas explosions, the mixture of gas and air is im- 
perfect, too rich in some places for greatest ex- 
plosive efficiency and not rich enough in others. 
It will be apparent, however, from the above 
computation, that even a very few cubic feet of 
combustible gas mixed with air and fired has 
potential energy sufficient to cause an explosion 
of most destructive effect. 


—_————E a 


Waterways: Their Limitations and Possi- 
bilities.’ 
By FREDERIC A. DELANO,$ M. Am. Soc. C. E. 
I do not believe that the development of waterways, 
olely in the interest of the general public, would hurt 
the railways Even if I thought otherwise, I hope that I 
iould have enough public spirit to advocate that which 
I believe to be for the general good Whatever is for 











the public good ought to be done even if in consequence 

ome ecial interest suffers rhe question that ought 

o be mnsidered by all is whether development ef water 

whys to'tia Dest way te stcele eReayer Se Ree eee’ FIG. 4. LEXINGTON AVE., LOOKING NORTHEAST, SHOWING CAR DAMAGED BY 

quate facilities for transportation. When I say ‘‘cheaper EXPLOSION. 

I have in mind the entire economic cost of transportation, uGhilie cosas aaarhunnes SatiiGs-a ' saat, Several pensenete a > were ube i li a ac 

including not only the rates that the shipper pays to the southeast corner of 50th St. and Lexington A S rf ‘ ) g 1 t i | off.) 

the owners of the boats, but also what the public pays 

n taxes for the improvements and construction of the airectly and without trat hipment between ties situ to t Orient r by e Gre Lake i St. Lawre 

ited on them and all the ports of the world Some ina » Euro 

es : ‘ he people of Chicago have visio of ovean vease load Sucl hous} f ile i i e trend 
When we consider the cost of railway transportation, we : 

do not consider merely the cost of moving the engines ing in their h eee teaming down through the drait econom onditior n ¢ rtat makes any 

and the cars. We consider also the cost of providing ee canal, Ce tines & 1 the M : R tic t, fo 
ind maintaining the roadway, the stations and other and thence to Europe: a through the P es \ 1 of 3 
ructure Obviously, all costs incidental to the so- 

liciting of freight, insuring it in transit, interest on capi- 7 

tal invested, and charges for replacements and better 2 K abt 1/05 : 

ments are applicable to waterways as well as to rail 2 1 nena a ‘i ; 
vavs: and we must not deceive ourselves by reason of & S S 

the fa that some of these expenses are borne by the aa + 2" Battery F 

eeneral government, instead of by the traffic moved L aton <q . st ~ : 

The inereasing capacity and draft of sea-going vessels ve SL sa' 

which necessitates the dredging of harbors to great J x ' ; 

depths, has a most important bearing on the question of \ r x 6 I. . 

the development of inland waterways It is sometimes 2 i + tend ‘5 

ontended that we should dredge our rivers and dig our Wi ote. cnet Ena 


anals so wide and deep that vessels can carry goods eat 


oohe, geenity fee SAN Sees, oe toon a FIG. 5. DIAGRAM OF BATTERY HOUSe SHOW- (WW led Part 
pipe it he mane Centra yaré ~ ar o have bee a : 
least 14,000 cu. ft ING EXTENT OF DESTRUCTION t é yea 
‘Extracts from a paper read before the National River iiiiTiiwi{iZimninnnnnnii 
and Harbors Congre t Washington, D. C., Dec. 8 


a 
¢President, Wabash Ry., Chicago 
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FIG. 6. 





VIEW AT EAST 
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END OF BATTERY HOUSE. 
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Germany. A density of 5,000,000 tons of freight per mile 


of road on single track lines is not at all uncommon in 
the United States, and this movement is in addition to a 
very considerable passenger traffic. 

These figures indicate to my mind that if, in order 
to provide inland water transportation which will be 
able to compete effectively against the railways, it is 


necessary to dig canals and to canalize rivers to depths 
14 or 20 ft. more, might better forego havin 
effective water transportation facilities and use our mone 


of or we g 
y 
to provide facilities for transportation by rail. 

To dig a waterway 14 ft. 
that would be 
River already is for most of 
ous other streams 


deep would be to provide one 
more useful 
its 
For over 90% 
Lakes 
this 


not any than the Mississippi 
length and than numer- 
of vessel ton- 
on the over 14 of water, 
over SO over 18 ft. It evident, 
therefore, that lake vessels could not used a 14-ft. 
waterway, and, of course, ocean steamships could not be 
used where lake steamships could not Even if the 


Lakes-to-the-Gulf were made sufficiently deep 


are. 
Great 


the 


nage draws ft. 


and of draws 


is 
be on 
be. 
waterway 


lake vessels, and it were economical for them to use 

it, all water transportation on tributary streams would 

have to be carried in shallower draft vessels, requiring 
transfer. 

Would it not be better to serve the entire Mississippi 

River basin with tow boats and barges which, like the 

much abused freight car, could go anywhere within the 


navigability. say 5,000 to 8.444) miles? Is 


real problem to find an economical vehicle of trans- 


sphere of not 


the 


portation adaptable in a large river system like the 
Mississippi River and its tributaries; a vehicle which 


shall do for that river system what the freight car does 








l ean vents or more years ot waterway v€ year) was 420,440 tor Germany on our system of railways? 
I ‘ ) i 1 wit 1 iss Of Vesse id spent on Ss waterways a iverage of 1,300 per The stern reality is that even if a 14 or a 21-ft. water- 
" | ) 1 ‘ to-day, for, regard- nile, and ts canals, an average of ind the way were dug, it would never be used by deep draft 
‘ e de waterways, vessels which average density of traff on them was 1,500,000 ton boats A large vessel cannot be navigated profitably on 
ist th 1 the t f the wave and storm miles rhe ina ition of the Main cost 895.000 per mile a narrow channel, because the interest on its high cost 
the ovea n be uilt much more strongly and The constru mn of the Teltow canal cost $390,000 per makes it uneconomical. Col. Symons estimated that it 
ierefore i 1 zreate yt than vessels for inland mile would cost 5S°> more to carry grain with a lake freighter 
I ‘ rh ( e cost of an ocean ste per ton The interest and maintenance charge paid by the on a ship canal than it would with a tow boat and barges, 
) t S71 teamship on the Great Lakes, government of France on its waterways amounted to +.2 and it was in consequence of his investigations and 
S41.50 lo er tow boats and barges capable of mills per ton-mile of traffic handled, which added to the conclusions that the State of New York decided to deepen 
ri 10,140 tons of freight on an S%-ft. draft, only average rates which the shippers paid to the boats, makes the Erie canal to 12 ft., instead of making a ship canal 
$12.* the economic cost of water transportation 10) mills. The of it Col. Symons’ estimate did not allow for the 
\ ke or ovceat sel voorly constructed for navi- interest and maintenance charges paid by the govern greater cost of building and maintaining ship canals, but 
t i in o ortuous river, even with a moderate ment of Germany amount to about 0.S4-mill per ton-mile, referred only to the expense that would be incurred by 
t ratio of length to beam is too great and it which, added to the average rate of 5 mills, makes the the owners of the boats. The operation of a deep draft 
nnot maneuvered at slow speed. Furthermore, a total economic cost of water transportation almost 6 mills vessel in a river channel having any considerable cur- 
‘ 7 r m of capacity «annot be oper The greatest density of traffic on any river in Europe rents might be even more expensive than on a_ ship 
ted econo where it ust, perforce, be navigated is on the Rhine, where amounts to 11,400,000 ton- canal 
W miles per m per annum. The density on the Elbe is Furthermore, I assume that no one would advocate 
A reat ' te it persons concede that the 5,800,000 ton-miles. To get the depths advocated in this making not only the Mississippi, but all of its navigable 
traff on th 1 waterways of the United States (ex- ountry would require very much greater public expendi- tributaries, 14 or 2O ft. deep. Then even if it proved 
ep e Great Lakes) is declined, while that on the tures than those that have been made in Europe. practicable to navigate deep draft vessels on the Missis- 
waterways of Europe is reased, because of the cheap The average capitalization of the railways of the United siowl. they could not be navigated on the tributary 
i erio ‘ ce of our railways They contend States is $59,259 per mile of line, and this, of course, encnity s. Then one of two things would happen: either 
that we make our waterways successful competitors includes equipment and terminals, as well as road- the vessels in which goods were loaded on the smaller 
fo railway o vy making our waterways greatly way The number of tons carried one mile per mile of streams would be sent through to destination with the 
iperior to the waterways of Europe. Therefore, they ad- line by our railways in 109 was 953,986. The density goods (in which case the deep draft vessels would not 
yeate digging canals and nalizing our rivers to depths of traffic of some of our large ilways rivals that of have them to haul): or the goods would have to be trans- 
eeding o ined on such waterways in any other the greatest waterways of Europe. The number of tons ferred to the deep draft vessels, and transferring goods 
intr One of the la s for a 14-ft. waterway from hauled one mile per mile of line per annum by the Dela- from boat to boat is as expensive as, and often even more 
Chicago to New Orleans ware, Lackawanna & Western in 108 was 5,886,814; by expensive than transferring them from car to car. To 
it is questionabl entdpieteriatepegendicicnnpencb ne he Pes: een, eee eet ee Oe paeeyt develop a waterway system in this way would be like 
The aim of public policy should be to cause the provision vania, 4,723,854; and by the Bessemer & Lake Erie, building the main line of a railway with a broad gage 
) 1 facilitic »f transportation as will be able to $,964,712, or over 12 times aS much as the average ana the branches with a narrow sage. 
indle our commerce at the least economic cost; and in density of traffic per mile on the waterways of France, So far as I can learn, it is the opinion of practically 
enanoti ines I include the taxes the public would have = and almost four times as much as on the waterways of all of the United States army engineers who have in- 
to pay in order to provide and vestigated the subject, that 
maintair deep waterways a tow boat with 6 to & ft 
rhe rej of the British draft, towing barges with a 
Royal C ssion show hat combined capacity of 8,000 
the expenditures of France ot a ; a or 10,000 tons, would be able 
Lead-loverea 
tr ve ailing t Ventilating to handle traffic cheaper 
a 1 0,000 ; : th Wall Louvres on the Mississippi River, even 
$102,675 to Vent Duct in Roof i c= were deepened 14 
Phe rage Sash Hinged te ft. or 21 ft., than could a lake 
n Fr 1 Over out vessel with a deep draft. 
ltMon (that f PTS TCI 25 Girder ; . “ And the tow boat and barges 
lled one mui ; e a Li would be able to navigate 
Y Bw oa many of the shaliow tribu- 
*A mode treight + fF S : 
aria . MY n S taries as well as the Missis- 
8 3 sippi, which would avoid the 
: cost of transferring freight 
originating on the branch 
: & etd a bh rivers. Needless to say, the 
| i & Oper .'”' \perrrre cost of dredging the Missis- 
; on a sippi River and its tributaries 
j I I Lr ey 8 News > to a minimum depth of 6 ft. 
| 7 inclined 1 fi Driveway} BRAY or even 9 ft., and main- 
| ‘ 5 S / taining that depth, would be 
1" ‘ Ss { very much less than the cost 
| t f of digging it to a uniform 
| iq petat cols. y | i | depth of 14 ft. 
| Depressed | | Bare: jas & | R Boats having a draft of 25 
Syrz en ae ean wee fe JA Fe DA _eomeet \ NN to 30 ft. can now be taken 
from the Gulf of Mexico 270 
Part aitudinal Section Cross Section of Battery House. miles to New Orleans; boats 
FIG. 7. SECTIONS OF BATTERY HOUSE, SUBSTATION 1, GRAND CENTRAL TERMINAL. of a draft of 9 ft., 840 miles 
(SE dine BOM Shona Testnatan Aw atin eee RMAs further, to Catro, [l.; and 
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boats of 8 ft. 
St. Louis. It 


draft for another 182 miles from Cairo to 
is stated by the board of army engineer 
that the Mississippi and the Illinois rivers and the Illi- 
nois state canal from St. Louis to Chicago, are now 
able to accommodate vessels having a draft of 4% ft 

It would seem, therefore, that all that reasonably could 
be asked, or ought to be asked, of the general 
ment, so far as our navigable 
that it shall dredge them to depths sufficient to accom 


modate tow-boats and barges such as can 


govern 
rivers are concerned, is 
now be oper- 
ated on the greater part of the Mississippi River drain 
age system. To do more than this would involve an ex 
penditure which would not be justifiable—which, in other 
words, would not make the total cost of water transpor 
tation less than it is by rail, whether it made it cheaper 
for the shipper or not. 

If the government provided such 
indicated; if the municipalities or private corporations 
provided modern and adequate water terminals; and if the 
water lines made rates, gave service, and formed solicit- 


channels as I have 


ing staffs adapted to competing effectively 
ways, 


with the rail 


the water lines on our rivers would be as well 


situated to compete with railways as are those on any 
waterways in the world, except, of course, the oceans and 
the Great Lakes. And unless good water terminals 
provided and the steamboat formed 
staffs, issued bankable bills of lading 
and in other ways gave service which was as good in pro- 
portion to the rates charged as that of the railways, 


were 
companies soliciting 
and negotiable 
they 
would be as unsuccessful in competing for business (even 
if the government dug the rivers 20 ft 
independent boat 
peting with the steamship lines 
owned by the railways and large industrial corporations 

I do not say that if all these thing 
steamships would be able to compete 
the railways I feel 


deep) as are the 
lines on the Great 
railways or 


Lakes now in com 
with the 





ec were done, river 


successfully against 


very sure that if the water lines 
were subjected to the same kind of regulation as the rail- 
ways, they would continue for an indefinite time to be 
unable to compete with the rail lines 

I merely say that 
that must be met if our inland waterways 
other than the Great Lakes are ever to compete success 
fully against the Whether, 
that would be obtained are so entirely problematical, it 
is worth while to go on and spend millions in dredging 
the rivers and equipping water terminals, is for the public 
to decide. 


under any circumstances these are 


conditions 
results 


railways when the 


The reason that the public have been misled as to the 
comparative cost of rail transportation and water trans- 
portation is that in the case of rail 
shipper pays the entire cost, 
and on top of this profit to the transportation 
company. In the case of water transportation, the ship- 
per pays only the bare cost of 
on the money invested in the waterways, in the 
bors and terminal improvements, nor in the 
nance and unkeep of the waterways. 


transportation the 
including terminal service, 


cost, a 


carriage, and no interest 
har- 
mainte- 


Furthermore, the 
in our Northern 
venience. 


interruption of water transportation 
than a 


heavy 


waters is more incon- 
It puts the burden of 
for the entire year upon the traffic 


only in the summer months. 


A fact often overlooked in 
transportation as a whole, 


serious 
interest charges 


which can be handled 


considering the cost of 


between producer and con- 


sumer, is the cost of assembling freight at the initial 
point or distributing it at terminal points. In this 


respect, while the railways have a great advantage, yet 
even with the 
ducts in many of our states (as pointed out in a 
veport of the Department of 
greater than the freight 
initial station to the 


railways, the cost of assembling farm pro 





recent 
Commerce and Labor) i- 
paid by the farmer from his 
point at which he markets his 
produce. In other words, a farmer who has to haul his 
produce eight miles to a railway station, at a 
say 20 cts. per ton-mile, is much as he 
would pay the railway for 210 miles of transportation at 
the average rates prevailing over the whole country. 

It is fair to expect that 


cost of 


spending as 


good roads and automobile 
trucks will contribute much in the future towards 
cheapening the and distributing 
freight; and that there is much to be gained by intelli- 
gent public expenditures in the improving 
the public highways and so reducing the cost of haul- 
age to and from shipping points, whether these shipping 
points be stations of 

Up to 1907, the Government had spent over $208,000,000 
improvement of the Valley 
Between 1880 and 194%, canals and canal- 


cost of assembling 


direction of 


railways or of waterways. 


on the Mississippi waterway 


system alone. 





ized rivers having a length of 2,841 miles, which has 
cost $73,168,000 were abandoned Up to that time our 
total expenditures on canals and canalized rivers had 
been $283,208,863. The total Congressional appropria- 


tions for the maintenance of 
harbors and waterways had been $552,945,5 and many 
millions of dollars have also been spent by the various 
We all know that a large part of 
unwise, and before 


survey, improvement and 








States. these expendi- 


tures has been certainly expendi- 


tures are entered on which would be very much greater 
made in the 


them should be studied to much 


than any past, the projects on which 


it is proposed to make 


better purpose than like projects have been in the past 
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AN EXPLOSION IN THE COAL BUNKERS of the 
U. S. Battleship ‘‘Michigan’’ was reported Dec. 21 One 
man was fatally burned. A similar accident on the U. S 
Battleship “‘North Dakota’’ was noted in our last week's 
issue 

ne 
A COAL MINE EXPLOSION IN ENGLAND, Dee. 21, 


in the Little Hulton colliery of the Hulton Colliery Co., 
’ killed Uo Rescue 
parties were kept from entering the mine by the fire 
which followed the The 


near the City of Bolton, miners 
explosion 


disabled 


hoisting machinery 


was completely 


° 


Sa 


THREE 
ported De 


tLOUS 
24 The 
Hawes 


RAILWAY ACCIDENTS 


Scotch express collided with a light 





were re 


engine hear Junction, England Fire 


the wreckage and consumed the 


broke out in 
with the 


exception of the locomotive and a baggage car. 


whole train 


Eight 





passengers were killed and about 2 others injured 
Reports state that the railway company has accepted full 
responsiblity for the accident, which is ascribed to the 
forgetfulness of a signalman 

A butting collision on the Pennsylvania R. R. at 
Nevada, Ohio, killed four trainmen and two passengers 
Westbound passenger train No. 15 was struck by an 
eastbound express train, the engineer of which, accord- 
ing to reports, had disregarded the block signals. A 


student engineer was in the cab with the engineer of the 
express 

A passenger train on the Norfolk & Western Ry. wa 
derailed in a tunnel near Williamson, W. Va 
killed in 


—______e—— —-— 


Four mail 


clerks were this wreck 


A FIRE IN 


I 
stroyed the 


PHILADELPHIA, De 2i, 
brick 
Leather Remnants Co., at 
caused the death of 14 
and the injury of 


which de- 
Friedlander 
Girard Ave., 
whom 13 were firemen, 


five-story building of the 
Bodine St. and 
men, of 
more than 350 others. Many of the 
firemen were in the building when the roof and three of 
the walls fell in The fourth wall fell later and buried 
rescue work in the ruins 
mrcercereeeneeniersnliptiemerasnaniininsnit 
CINCINNATI, OHIO, Dee. 21, 


buildings in the 


some of these engaged in 


A FIRE IN 
one block of 


destroyed 
district around 
Eleven large factory buildings 
estimated at nearly $2,- 
largest in the 

their lives under a 
killed by a 


factory 
Ninth and Sycamore Sts. 
were burned. The property loss, 


500,000, is reported to be the history of 


the cily Two firemen lost falling 


wall, and a spectator was falling telegraph 
pole 
ae eae 

A SERIOUS FIRE IN CHICAGO in the 
buildings at the Union Stock Yards, on caused 
the deaths of 30 firemen, including the Fire Mar- 
(James Horan) and other officers of the department. 
The fire was in a six-story brick building used for beef 
storage, and 


Morris Co.'s 
Dec. 22, 
nearly 


shal 


having practically no windows and no means 
of access but the main doorways opening upon a covered 
between the and the railway 
number of this platform 
forced out the wall of the 
The explosion 
strong enough apparently to dislodge the wall, as it seems 
dropped vertically upon the platform, 
the men under a mass of wreckage. The bodies 


The property loss has 


loading platform 
tracks. A 


when an 


building 


large men were on 


explosion entire 


upper part of the building. was only 


to have almost 


buryir 





were recovered some hours later 
estimated at $1,000,000. 
o ——— 

A CHILD WELFARE EXHIBIT is to be held in New 
York City on Jan. 18, 1911, at the Seventy-first Regiment 
Armory The general scope of the exhibit is in part in- 
dicated by the some of the sub-committees of 
the New York Child Welfare Committee (Fifth Ave. and 
23d St.), under whose auspices the exhibit is to be held. 
Among the committees are those on Health, Streets, Rec- 
reation and Amusements, and Museums, and 
Work and Wages. 

niteimiaiadsll —— 


STEAMSHIP IN THE WORLD, the 
Hamburg-American Line, has just had 


been 


names of 


Libraries 


THE LARGEST 
‘Europa’ of the 


its keel laid at Stettin. This monster vessel is to be 
900 ft. long, 06 ft. in beam, with a tonnage of 50,000 
Comparison with the ‘‘Mauretania,”’ the largest vessel 


now afloat and the “Olympic’’ and ‘“‘Titanic’’, twin ships, 
now under construction, is as follows: 
Length 
ft. Tonnage 
DRO is ak 0 cee kiccenetwou! Bae 32,500 
CRPMRNIE, Siincc etn truredeccaveus ee 48,000 
eer Ts Perrier ae 50,000 
ssaeciciinlagle iii 
BIDS FOR MANY MILES OF ROAD IMPROVEMENT 
in New York State are invited, on Jan. 9, 11 and 135, 
by the State Commissioner of Highways, Albany, N. Y 
The roads are located in various parts of the state. 
THE ELECTRIC TRACTION ZONE of the New York 
New Haven & Hartford R. R. will be extended ‘from 


Haven, it is announced. 
New and the 
will be increased to handle al! 


Stamford to New 
built at 


A power plant 
present st 


traffic through 


will be Haven tion 


equipment 





the zone by electricity. Up to the present, freigkt has 
been only experimentally hauled No date Lis been se 
for the beginning or completion of the work 
_— ee 

A HEIGHT RECORD of 11,474 ft. is reported to have 
been made by Archibald Hoxsey on De 26 at Lo 
Angeles, Cal with a Wright biplane flyer What i 
claimed as a world record for length of flight witn a 


passenger was made by Lieut. Camerman, near Paris, on 
Dec. 21, 855 miles being covered in 5 hrs. 5Y mins 
without alighting A Bleriot monoplane was used 


An amateur 
tempted to 


Calais and 


aviator, Cecil S. Grace, on De 
trip by 
return The 





made a aeroplane from Dover to 


first half was made but 


return the machine disappeared in the fog and no 


salely 


on the 
trace had been found up to Dee. 2S It is supposed 


the course was lost and 





that the machine fell in 
North Sea. 


cna linia 
THE NUMB 


in 100 by 





t OF WOODEN 


telephone and telegraph 


POLES PURCHASED 


colmpanie steam and 





slectri railroads, electri light and 





power companies 
in the United States has been reported by the Census 
Bureau The figure is 3,730,000 compared with 3,240,000 
in 10S and 3,: OOO in TWIT These users in the year 
mee pur hased also 3.O00 000 ross arms, 6, 168,000 
brackets and 18,465,000 insulator pins Of the 1909 fig 


ures, the telephone companies were 
e OL the 


reported as purchasers 


of 7s poles This is 14 more than these 


they 


hased 26% 


companies purchased in 


purchased in 


10OS and 26% more than 


17 


The steam railroads pur 


more poles in IU than in 1008, but $4% less than in 
1907. The purchases by electric railroads and electric 
light and power companies were 1S greater than for 
1908S, though 7 less than for 1907 The average cost 
of poles of all lengths and woods in It was $1.8), 


compared with S1.S2 for 10S Cedar poles formed 65% 


of the 10009 total figures compared with 6S% for 1008 and 


(46> for 1907. Chestnut formed 16% of the total for 





1, 16°¢ for 1900S and 19% for the total of 1907 The 
number of oak poles reported was JOU of the figure 
of 1907. Nearly a sixth of the total purchases of poles 
in 1000 were given some preservative treatment com 


pared with a tenth of the 
in 1907 


1908S purchases and an eighth 


ee o--— 


A LAW-SUIT TO 
taken through 


York years ago against the 


SECURE 


bypasses, 


PAYMENT FOR 
brought by the City of 


WATER 
New 
American Sugar Refining Co 


of New York, has at last been decided by a referee of the 
New York Supreme Court for the County of New York 
in favor of the city. The water taking took place at re- 


fineries in Brooklyn The suit wa 
books of the 
1, 1806, for unmetered 
ending July 350, 1005 

600. The sum not 
11, 1908, 


based on a charge 
entered upon the Water Department on Oct 


water used during the six year 


The payment 





demanded wa 

having been paid, the city, on March 
threatened to shut off the 

payment was within 


water he 
The then 


canceled and to secure 


unless 


made 15 days company 


brought suit to have the charge 


an injunction against shutting off the water Just what 
sum the city will collect under the decision (rendered 
Nov. 17, 1910, by Morgan J. O’Brien as referee), we 
cannot state The referee say 


I have now discussed the essential features of the tes 
timony and conclude that the defendant has sustained 
the burden resting upon it of establishing not merely 
an unauthorized (and so unlawful) use of water, but a 
fraudulent taking of water Upon the evidence intro- 
duced before me, I am not convinced, however, that the 
defendant has satisfactorily established the amount of 
water so taken. 





Later on, Mr. O’Brien stated: 


I am satisfied, however, that the amount was much less 
than the defendant's estimate, viz., 1,800,000 gals. per 
day. In my opinion, 600,000 gals. per day was much 
closer to the truth than the defendant's estimate But 
I have no power to make the dismissal of the complaint 
conditional upon the reduction of the defendant's de 
mand It is iully established that the plaintiff did take 
water both unlawfully and fraudulently, and that is de- 
terminative of this case 

The plaintiff is here asking the interposition of a court 
of equity to prevent the city from enforcing payment 








of its demand by utting off its water supply It is 
well settled that one who comes into a court of equity 
to ask relief must do so with clean hands, or otherwise 





he will be denied relief As it has been shown that the 
plaintiff does not meet that condition, it e¢annot be given 
relief merely because the amount demanded is in excess 
of that properly due it true that t 
amount due to the city cannot determined wi 
exactness, and therefore to hold the city to strict 
of the amount of water 








doubtless e 


now be th 
proof 


taken by the plaintiff would be 





to make the defendant suffer for the plaintiff's fraud 
rather than the plaintiff That in such a case the de 
frauded party is not to be held to strict proof wa le- 


cided in Krumenaker vs. Dougherty, 
The plaintiff made many 


74 App. Div., 452 
objections to the evidence 
which was introduced on behalf of the defendant, but 
upon a review of the whole record, I am satisfied that 
the fraud of the plaintiff was fully established by compe 
tent proof. 1 do not consider it necessary, therefore, to 
refer to any of plaintiff's obje ol 





It appears that use was made of the pitometer in con 
It should 
onduct of the suit the Legal Depart 


ented by Mi Maxson 
New York City 


nection with the evidence ibmilted 
be added thatin the« 


ment of the city was repre 


this case 


Edward 


(2 Rector St.), Special Counsel for 
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population of over one mil- 
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